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i 


In the beginning of August, 1923, a medical student was ad 
mitted to the Military Hospital of Christiania from a training 
camp, suffering from acute rheumatism. During a five months 
stay in the hospital the patient passed through a severe attack 
of rheumatism, starting with a sore throat, then having effusions 
of the joints, pleuritis, pericarditis and bronchitis. Except 
for a short period in which he was free from fever in September, 
the patient suffered from a fever of moderate intensity from the 
beginning of the disease to the reco, ery. 

We will not go into details as to the clinical picture and the 
course of the disease, but exclusively deal with the bacterio- 
logical findings. Three blood cultures were made from the 
patient, one during each of the two fever periods, and one after 
recovery. Furthermore, two sputum examinations and one 
complement fixation test were carried out. 

The blood-cultures were made in veal broth, to which had 
been added 0.2 per cent of secondary sodium phosphate, instead 
of sodium chloride. The pH was 7.8. Sterilization of the 
medium was carried out at 115°C. for one-half hour. To 100 
ec. of this broth 10 ce. of the blood were added and the culture 
so prepared incubated at 37°C. 

In both of the first two cultures we obtained growth of the 
same microbe, while the culture taken after recovery proved 
sterile. The two positive culture tests were made by two different 
examiners, at different times one and one-half months apart 

1 


JOURNAL OF BA 








2 r. THJOTTA AND E, GUNDERSEN 


in different hospitals (the patient being moved to a civil hospital 
where the second culture was taken). Two different batches 
of culture media were used. 

The isolated microbe showed the following characters: 

The cultures gave no diffuse turbidity, and no growth could 
be observed before the lapse of two weeks, when small woolly 
colonies began to form in the flask on the layer of blood covering 





the bottom. A few days later more small colonies could be 
seen extending from the bottom along the wall of the flask 
fig. 1). A distinet radial strueture of the colonies was observed 
as they grew larger. From some of the uppermost colonies 
which had reached the surface of the medium a white, scaly 
pellicle was formed, which grew gradually out over the surface. 
The pellicle (fig. 2) was of a fairly dry, scaly appearance while 


STREPTOTHRIX ISOLATED FROM BLOOD IN RHF} MATISM o 


the bottom colonies mentioned were woolly, round and from 2 
to 3 mm. in diameter. The medium between the bottom- 
and the surface-growth remained perfectly clear. A  distinet 
odor of mold was observed from the culture. 

On microscopic examination of the colonies in the bottom, 
we found a number of interwoven, branching, homogeneous, 





Gram-positive filaments without segment formation, without 
clubs and without spores (fig. 3). Where the filaments were 
well separated, the distinct true branching was well pronounced 
(fig. 4). This uniform picture stands out in sharp contrast to 
the microscopic picture seen in films from the surface growth 
are seen side by side with 


(fig. 5), where branching filaments 
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thick, twisted filaments and threads that show a distinct breaking 
up into several ovoid, strongly refractive bodies. 

When grown on solid media the organism develops rapidly. 
On sugar agar (lactose) it forms after from one to two days’ 





Fic. 4 Fig. 5 
growth fairly large, compact colonies with a smooth and shiny 
surface and a well defined circular edge. After a few days 
more these colonies are surrounded by a collar of white powder- 








STREPTOTHRINX ISOLATED FROM BLOOD IN) RHEUMATISM ) 
‘ 


like material which gradually creeps up on the colonies and 


ty 


last covers them more or less completely (see fig. 6, wher 


some 


others 


colonies still show the shiny surface and the collar, while 
are covered by the white powder). If grown on « poor medium 
such as a plain water agar, the organism develops much more 
slowly, and the colonies are smaller and drier than on the more 
favorable media. On the water agar the colonies are covered 
by the white powder from the beginning and consequently always 


show a dry white picture. During their further growth on wate 


agar the colonies constantly increase in size and form concentri 


rings or radial colonies (fig. 7 
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When a colony on water agar was cut through and examined 
from the side it was found to consist of two distinet parts, one 
growing downwards into the medium, the other upwards. The 
latter carried on its surface several elements which extended 
above the medium (fig. 8). 

On microscopic examination the growth on the surface 
solid media showed a picture completely different from the 
one seen in the bottom colonies in the fluid medium. The surface 
colonies consisted of morphologically different elements. The 
most prominent were Gram-positive coccoid forms, single, in 


pairs like diplococci, or situated two in each end of a short 
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Gram-negative rod (giving the picture of a diphtheroid rod). 
Here and there Gram-negative threads were seen, that showed 
in their protoplasm more or less Gram-positive elements of the 
kind described. These elements seemed to develop as enclosures 
in the thread, and it could be seen in several films how the round, 
Gram-positive elements became free from the threads. Now 
and then completely Gram-negative threads were seen, obviously 
the remnants of threads that already had yielded their tribute 
in the production of the free Gram-positive bodies. 

It must be assumed that these bodies are the spores formed by 
the organism. The spore formation takes place only in >the 
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surface colonies and most abundantly in the colonies on the poor 
water agar medium. On this medium the spore formation could 
be seen macroscopically as the structure of the white powder 
covering the colonies and the aerial mycelium is, as shown in 
figure 8, distinctly visible under a low power lens. On the surface 
of the richer medium (lactose agar) the spore formation does not 
appear as early as in the poorer medium, but when it does appear 
it is typical. On the surface of the fluid medium the spore 
formation was also seen, but not so distinctly, nor has the surface 
on the fluid medium the decided powdery appearance of that 
on the solid medium. In the bottom colonies, however, we 
never find any spore formation. 
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On cultivating this organism in ordinary broth, it showed a 
distinct growth optimum. On measuring the diameter of the 
bottom colonies in a series of tubes with a pH varying from 8.2 
to 5.0 we always found the most luxuriant and most, rapid growth 
in the tubes having a pH of 7.4. 

On the surface of ox serum the organism grew typically without 
any peptonizing of the medium, while in nutrient gelatin it 
showed a quick and complete liquefaction. 

When tested on animals, it proved to be nonpathogeni 
large amounts of cultures were injected intravenously, intra 
peritoneally and intratracheally into rabbits and guinea-pigs, 
without any apparent effect. 

The organism isolated from the blood of this patient shows the 
following properties: 

It develops in the depth of nutrient broth with the formation 
of Gram-positive, true branching filaments which are free from 
segments and spores. On the surface of solid and fluid media, 
it forms a well developed aerial mycelium which undergoes 
distinct spore formation. It liquefies gelatin, but does not 
peptonize serum. It is not pathogenic for rabbits and guinea-pigs. 

According to its morphological and cultural properties the 
organism in question belongs to the large group called by Pe- 
truschky (1913) Thread-fungi or Trichomycetes. These fungi 
produce a fine mycelium with true branches, and develop spores 
to a somewhat varying degree. In the overwhelming literature 
on these fungi we find them described under many different 
names. Even the same name is used by different authors to 
signify different organisms. This existing chaos is accentuated 
by the fact that many authors often depend largely or entirely 
on a morphological and a clinical description. Organisms of 
this type are found under the names of Actinomyces, Discomyces, 
Streptothrix, Nocardia, Oospora, ete. 

A completely satisfactory classification of these fungi has 
not yet been affected. The simplest and most appropriate was 
up to the last few years that of Petruschky, who divided the 
microbes in question into the subgroups \ctinomyces and Strep- 
tothrix. The main difference between these subgroups is 
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according to Petruschky, the formation of clubs in the animal 
host by the Actinomyces. This point has, however, been ques- 
tioned by several authors, and as this difference applies only to 
the fungi found in lesions in man or animals, it cannot be used in 
any classification where the microbe in question is found out- 
side the animal organism and proves to be without pathogenic 
properties. 

A classification of these fungi should, therefore, like the 
classification of all bacteria be based upon simple morphological 
and cultural properties that may be reproduced where and when- 
ever desired. These properties should be stated very carefully 
by the bacteriologist in describing a given type or species. ‘To 
gain more knowledge about these fungi the description should 
also in so far as possible keep to the main lines of a scheme that 
has proved adequate. Such a scheme was, to our knowledge, 
first given by Orskov (1923), who published his results based 
on an extensive study of these organisms as late as 1923. 

Working with a number of fungi (‘‘ray fungi’’) partly isolated 
by himself and partly by other authors known under scientific 
names, Orskov studied the morphological and cultural develop- 
ment of the fungi, using the method developed by himself for 
one-cell culture (1922). Without destroying the organism 
by fixing and staining, Orskov was able to follow the develop- 
ment of one single spore or mycelial thread, through different 
stages and into the spore stage. He could determine a distinct 
type of growth for the different fungi, and was able to assign 
simple and easily discovered properties that might allow of a 
classification. Q@rskov finds that all the fungi examined by him 
may be classed in three groups: I, II, and III. When he 
applied names to these groups he made use of the old names 


that are most in accordance with the characters of his fungi. 
He calls the different groups Cohnistreptothrix, Actinomyces 
and Micromonospora. 

Group I Orskov names Cohnistreptothrix, to indicate that the 
fungi belonging to this group morphologically and culturally 
behave like the organism described by Cohn in 1873 and not 
like that described under the same name by Corda in 1839, 
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a fungus belonging to the molds. in group I @rskov places 
microbes known under the names of Actinomyces hominis Land- 
steiner, Actinomyces madurae Vincent, Nocardia Dassonvillei, 
Actinomyces Bostrém, Actinomyces albus Berestnew, and a number 
of organisms simply named Streptothrix. 

All of the fungi of this group are homogeneous. ‘They form 
spores that grow out to a unicellular mycelium, and the filaments 
do not divide into segments. From this so-called ‘‘substratum”’ 
mycelium and aerial mycelium grows out, and this divides 
after some time into regular divisions of threads. ‘The forma- 
tion of the aerial mycelium is always seen earlier and to a greater 
extent on poor than on rich media. The colonies on a solid 
medium are firm, and cannot be removed from the medium 
without the use of an instrument which removes the whole colony, 
along with a piece of the agar. In fluid media these fungi grow 
on the bottom as woolly colonies and with the formation of a 
surface pellicle, when some of the bottom colonies reach the 
surface. The spore formation is seen macroscopically as a 
white powder that covers the growth. As a rule the color is 
white, but it may differ even in the same strain, and therefore 
cannot be used as a means of differentiation. The spore-bearing 
aerial mycelium is thicker than the substratum mycelium and 
often shows twisted filaments. The spores are more resistant 
than the filaments. 

The fungi belonging to group II are less uniform than those of 
group I. This is especially the case as regards the cultural 
characters; the morphological properties show a greater uni- 
formity. Group II is subdivided into A and B. Of these 
subgroups A forms an aerial mycelium, while this is not the 
case with B. In all other respects the two subgroups are alike. 

The members of group II A develop a substratum mycelium 
that is undivided in the beginning of the growth, but becomes 
divided into segments lateron. The aerial mycelium is developed 
very early and can only be distinguished with the greatest 
difficulty from the substratum mycelium; it is as a rule so small 
that it cannot be seen with the unaided eye. The spores are 
not more resistant than the mycelium filaments. On solid 
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media the colonies may be fixed to the medium or rest quite 
loosely on the surface. In fluid media the fungi of this class grow 
only very sparingly at the bottom, while they quickly form a 
pellicle on the surface. 

In group II A we find fungi of the following names: Actinomyces 
corneae Léwenstein, Streptothrix Deycke, Actinomyces Eppinger, 
Nocardia Eppinger, Cladothrix Eppinger, Streptothrix ruba. 

The members of group II B are distinguished from those of 
II A in that they do not form an aerial mycelium. Some of these 
fungi have a tendency to develop into a so-called angular growth, 
like that described by Nocard for Nocardia farcinica and by several 
authors for the diphtheria bacillus. In this division Mrskov 
has grouped the following organisms: Streptothrix polychromogenes 
Vallée, Nocardia farcinica, Streptothrix canis. To this group he 
also assigns the sole anaerobic organism that he has studied, 
a fungus grown from a case of actinomycosis in man. With the 
exception of its anaerobic property this organism was in all 
respects like the others of this group. 

In group III @rskov places only one ray fungus, namely, 
Streptothrix chalceae, which develops a fine mycelium. In the 
extremely fine branches of the mycelium small oval spores are 
formed. This organism does not form a pellicle on the surface 
of liquid media. 

It is evident from the classification of Orskov that fungi that 
have called forth the clinical disease of actinomycosis or of 
streptothricosis are to be found in both group I and group II. 
This fact is in full harmony with the former history of these 
fungi. The authors have discussed the question as to whether 
the “real” actinomycosis fungus was an aerobic or an anaerobic 
organism. According to @rskov several organisms apparently 
may call forth the clinical pictures of actinomycosis or strepto- 
thricosis. It seems then incorrect to describe the organism found 
in actinomycotic lesions as an “actinomyces’’ without subjecting 
it to a rigid bacteriological examination. It will undoubtedly 
be of more value to bacteriological science to study the microbe 
in question very closely first, then put it into a scheme of classifica- 
tion and at last conclude that this microbe, which belongs to 
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such and such a group has in the case in hand been a producer of 
actinomycosis. This is the routine that Mrskov has indicated, 
and we have in the work at hand tried out his mode of classifica- 
tion in actual practice. 

It must be clear that our microbe very naturally and without 
any doubt falls into group I of Orskov. It has in fact been very 
much easier to identify our microbe by the characters given by 
@Mrskov than by any description found elsewhere in bacterio- 
logical textbooks, ete. We will not, any more than Orskov 
himself, claim that this classification is ideal. Orskov is well 
aware of the fact that probably more groups will have to be in- 
cluded. Probably a group will have to be made for anaerobes, 
as undoubtedly some of these fungi only grow in the absence 
of oxygen. 

We feel justified in claiming that the microbe isolated by us 
from the blood of a patient suffering from a severe attack of 
rheumatism is a true fungus, and that it falls into group I of 
QMrskov and may be given the well known name of “Streptothrix”’ 
or according to Orskov ‘“‘Cohnistreptothrix.’’ We will now have 
to answer the question as to its pathogenicity. It is obvious 
that we cannot point out any symptoms in the patient that 
naturally would indicate infection by a fungus. The clinical 
picture was without any doubt that of acute rheumatism. We 
therefore feel that our microbe cannot be taken as the etiologic 
agent in this case. We have tried out the complement fixing 
property of the patient’s blood after his recovery, but were not 
able to detect any such property against the organism isolated 
from the blood. When we further take into consideration 
the absolute lack of pathogenicity in animals, we assume that 
our microbe has been a mere saprophyte without any relationship 
to the disease. 

How has this microbe gained entrance into the blood of the 
patient? We have only one explanation to offer. It was probably 
present in the respiratory tract of the patient as a saprophytic 
organism at the time when the illness began. It has been shown 
by @Mrskov that organisms of this kind are not uncommon in 
soldiers, where he found them in the throat and on the tonsils. 








12 T. THJ@TTA AND E. GUNDERSEN 


If our patient was a carrier of an organism like the one isolated 
it may have broken through the barriers of the body and passed 
over into the circulating blood during the severe sickness of 
the patient, when the defence of the body was low. The microbe, 
however, was not pathogenic to the patient and consequently 
did not call forth any pathological lesions; nor did it cause the 
production of antibodies. 

Our streptothrix strain is then an example of a non-pathogenic 
streptothrix. In the literature there are a number of communica- 
tions dealing with strains quite like ours (i.e., morphologically 
and culturally) that have caused severe disease with a fatal result. 
As a rule the origin of the disease caused by these organisms 
seems to be the respiratory tract, and the first clinical sign 
of disease a bronchopneumonia. Thus Lghlein (1909) describes 
a fatal case of that nature, where the fungus, as far as we can 
see, was quite like ours in all respects except pathogenicity in 
guinea-pigs. 

A number of cases of this nature are known and we do not 
wish to go into detail on this point. However, we would urge 
that in every case where an organism belonging to the species 
mentioned here is found as the cause of disease the description 
of the case should not only be a clinical or pathological one, 
but a thorough study should be made of the organism, and an 
endeavor made to place it in a system which is built upon distinct 
biological characters, as for instance that of Orskov. 
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The study of bactericides and bacteriostats and the study of 
staining reactions has brought about an investigation involving 
a differentiation of bacteria. This differentiation is based upon 
the resemblance of a bacterium to an organized chemical unit in 
its response to reagents. 

It has been shown (Stearn and Stearn, 1924) that bacteria 
react at varying values of pH to dyes in the same way as do pro- 
teins. At low pH values they tend to combine with acid dyes, 
at higher pH values with basic dyes. In this manner their 
amphoteric character is established. The Gram method for 
classifying bacteria seems to rely for its specificity upon the fact 
that bacteria act as charged particles, some more highly charged 
than others. It is thus a truly chemical differentiation. The 
determination of the nature of the response of a bacterial unit 
to a chemical reagent, as well as the constancy of such a response, 
is important. 

Just as chemical substances are known to decompose, forming 
new compounds of definite, though different, chemical nature and 
characteristics, so also it seems that bacteria will mutate as to 
morphology, physiological activity, chemical constitution and 
pathogenicity as their environment is altered. Loehnis and 
Smith (1916) claim that a single species may pass through as 
many as twelve to fourteen distinct morphological forms, varying 
from tiny filterable ‘“gonidia” to large unorganized masses of 
“symplasm” formed by the fusion of smaller elements. Revis 
(1913a) has pointed out the effect of dyes such as malachite 
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green and brilliant green on the mutation of bacteria. From an 
original typical culture of Bact. coli two strains arose showing 
permanent changes in physiological activity as tested on milk, 
lactose, glucose, etc., but not in growth. Increasing amounts of 
malachite green changed a typical Bact. coli to an organism con- 
sisting principally of long filaments which were neither physio- 
logically nor culturally colon bacilli. Many other instances may 
be cited (Smirnow, 1916; Clark, 1919; Scales, 1917; Dawson, 
1919; Kellerman and Scales, 1917; Revis, 1913b) in which envi- 
ronment changed the morphological and biological characteris- 
tics of bacteria. Instances in which the Gram character was 
altered (Nikitin, 1908; Neide, 1904; Kantorowicz, 1909; Eisen- 
berg, 1910; Sheppe and Constable, 1923) and also in which the 
chemical constitution of an organism assumed variations (Daw- 
son, 1919), may be cited. 

It seems that the prime difference between an ordinary chemi- 
cal molecule and a bacterial unit may be in the susceptibility to 
environmental conditions. Gradual acclimatization must take 
place where organic life is concerned if life is to be preserved. 

The authors wish merely to present experimental data bearing 
on the following two points: (1) Bacteria act as organized 
charged units. At ordinary values of pH they are negatively 
charged to a greater or lesser degree, as demonstrated and measured 
by their varying affinity for basic dyes. Measurements of this 
affinity, for any one species of bacteria at any one pH value, can 
be duplicated. This means that they exhibit, under ordinary 
conditions, acidic properties. (2) Bacteria can be oxidized, 
increasing their inherent acidity, just as is the case with any 
organic compound. The degree of oxidation depends on the 
relative power of the oxidizing agent employed, as shown by the 
relative effect of iodine and potassium dichromate. 


EXPERIMENTAL 
The following organisms were used for these experiments: 


A, Gram-positive 


1. Bacillus cereus 
2. Bacillus subtilis 





CHEMICAL DIFFERENTIATION OF BACTERIA 15 


4 
3. Micrococcus tetragenus 
. Streptococcus (non-hemolytic) 
. Streptococcus pyogenes 
. Corynebacterium diphtheriae 


oo 


B. Gram-negative 


. Bacterium coli, var. communior 
. Bacterium aerogenes 

. Bacterium typhosum 

. Bacterium dysenteriae (Shiga) 


mm whe 


All cultures were obtained from the American Museum of 
Natural History, except that of C. diphtheriae, which was obtained 
from the Public Health Laboratory, Columbia, Missouri. 

Thin smears of the organisms were made on glass slides, air 
dried, and then slightly warmed. After staining with carbol 
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Fic. 1. Key to Fieures 2-5 (on Succeepina Paaes) 


basic gentian violet for two minutes, they were flooded with one 
of the mordants listed for three minutes. They were then 
decolorized with acetone and examined at once, comparing the 
slides repeatedly. At each pH studied one smear was run with 
each of the following mordants: (1) distilled water at varying 
values of pH, (2) Lugol’s iodine at corresponding values of pH, 
and (3) 1 per cent K,Cr,O, at corresponding values of pH. These 
pH values were adjusted in acid solutions by means of acetic 
acid-acetate mixtures, and in the more alkaline solutions with 
ammonium hydroxide-ammonium chloride. 

In the same way a second set of smears was run using carbo! 
acid fuchsin as stain. 

In our curves we have divided the above bacteria into three 
groups, placing C. diphtheriae and Bact. dysenteriae in a group 
by themselves. The former, while classified as Gram-positive, 
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Typical Gram positive organisms 
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Typical Gram positive organ{sns 
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Streptococcus pyogenes 
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Typical Gram negative organisms 
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Variable organisms 
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is known to be but weakly so, even slight changes in certain 
environmental conditions, such as pH, rendering it negative. 
Bact. dysenteriae, while it is consistently Gram-negative, was 
shown by Kligler (1918) to be distinctly more susceptible to the 
bacteriostatic action of basic dyes than other Gram-negative 
organisms, and thus to approach in character Gram-positive 
organisms. A comparison of our curves shows a pronounced 
similarity between these two organisms, and a behavior on their 
part intermediate between that of the other two groups in reac- 
tion to dyes. 

It may be pointed out that our results on Bacillus cereus, 
yielding an isoelectric range centered at a pH of about 3, are in 
good agreement with the results of Winslow, Falk and Caulfield 
(1923) who found an isopotential point for this same organism at 
a pH of about 3. 


DISCUSSION 


A most fundamental question in bacteriology is what shall con- 
stitute a reliable basis of classification. This question seems as yet 
unsolved. Obviously classification on the basis of morphology 
alone may have little significance, and might be almost as 
dangerous as classiying chemicals by their crystal form and size. 
The usual classification based upon the morphology of bacteria 
cannot be regarded, according to Hiss and Zinsser (1916), as 
“anything more than a convenient make-shift pending the day 
when the finer structure and true biological relations of the 
various bacteria shall have been more accurately investigated.” 
To push the chemical analogy a little farther, it would be unwise 
to conclude that different morphology need necessarily denote 
essentially different nature. For example we know two forms of 
phosphorus entirely different in appearance (morphology), and 
differing widely also in that the one form is very toxic while the 
other is not. 

At present bacteriologists are relying more on the constancy of 
character as shown by cultural studies, staining reactions, and 
pathogenic properties. ‘Reactions with specific immune sera 

seem to indicate a fundamental chemical difference 
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in the constitution of bacteria often morphologically very much 
alike’ (1916). It would seem that this fundamental chemical 
difference in the constitution of bacteria is in some way or other 
rapidly or slowly altered by environment in a manner somewhat 
analogous to that in which chemical compounds are changed. 
This is brought out by the data presented in the preceding 
section. 

A study of the graphs will reveal that: 

1. Certain bacteria are easily oxidizable: Bacillus cereus, ete. 

2. Other bacteria are less easily oxidizable: Bacterium coli, ete. 

3. Any bacterial cell responds to degrees of oxidation, i.e., 
oxidizing agents of different oxidizing power will change its 
properties in the same direction but to varying degees. 

While it is not brought out in the graphs, the point was 
repeatedly confirmed that treatment of an oxidized smear with a 
reducing agent such as stannous chloride tended to restore the 
smear to its original state, so far as staining reaction was con- 
cerned, thus counteracting the effect of the previous oxidation. 

These graphs further reveal that: 

1. Gram-positive organisms have a limited isoelectric range 
which is centered at a comparatively low pH, around 2 to 3. 

2. Gram-negative organisms have a wider isoelectric range at 
a higher pH, i.e., centered about a pH of 5. 

3. Certain organisms which we have termed variable have an 
isoelectric range centered somewhere between these two extremes. 

The above comparison means that organisms vary in the mag- 
nitude of their inherent negative charge at any one pH value. 
One group of organisms shows a comparatively great affinity 
for basic dye through a wide pH range, while another group exhibits 
such an affinity to a much lesser extent. In all cases the affinity 
for basic dye increases with increasing pH as well as with an 
increased state of oxidation of the organism. 

Oxidizing agents are not the only chemical reagents which will 
alter the properties usually characteristic of a strain. The 
constituents of media will also “react” on bacteria, changing their 
characteristics. Dawson (1919) has shown that “by changing 
the character of the media upon which a given variety of bacteria 
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is grown the chemical constitution of the bacteria can be made to 
vary, and, with it, certain biological characters such as agglutina- 
bility with immune serum, and the formation of sugar splitting 
enzymes. In some instances the variations practically amount 
to the production of a new strain. Morphological changes appear 
to be relatively unimportant.” 

Rosenow (1914), in his very interesting paper on “The trans- 
mutations within the streptococcus-pneumococcus group,” points 
out that “the changes observed are not due to mixtures nor to 
so-called ‘“‘mass-selection,” but to actual changes wrought under 
the influence of changed environment.” He also points out 
that, as the morphology and the cultural and agglutinating prop- 
erties of the two strains of pneumococcus change, the pathoge- 
nicity changes likewise. Thus, since sudden changes in environ- 
mental conditions, such as variation in oxygen tension, in salt 
concentration, etc., bring about these transmutations, the focal 
infections can now be looked upon as places ‘where conditions 
are favorable for them (bacteria) to acquire the properties which 
give them a wide range of affinities for various structures (tissues 
of the host).”” Converting hemolytic streptococci into typical 
Streptococcus viridans, Streptococcus mucosus and pneumococcus- 
like organisms seems to indicate transmutability, at least among 
members of the same family. 

Though other examples could be cited, we will merely mention 
the experience of one of the authors (Stearn, 1923) who found that, 
after five months culturing in gentian violet broth, four differ- 
ent members of the colon bacillus group exhibited identical 
cultural characteristics—those of Bact. coli-communior A. 

Thus it seems that a change in environmental conditions 
results not only in a change in the chemical constitution of bac- 
teria but also in a corresponding alteration in certain of those 
characters by which bacteria are classified. In fact, if the pre- 
vious history of such altered ‘‘strains’’ were not known, they 
might be classified differently at the end of alteration than at the 
beginning. 
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Differences in the staining properties of living and dead bac- 
terial cells have been occasionally mentioned in the literature and 
recently several special staining methods have been suggested 
to bring out this differentiation more clearly. Seiffert (1922) 
and Henrici (1923) employed a weak Congo red solution to dis- 
tinguish living vegetative forms from the dead cells. Cells 
killed by heat take the stain whereas living cells remain colorless. 
Burke (1923) has described a difference in the permeability to 
carbol-fuchsin which is shown by living and heat-killed spores 
of Clostridium botulinum. The dead spores are penetrated by 
the dye and appear as solid staining forms, whereas unheated 
cultures show only about 1 to 2 per cent of the solidly stained 
type while the remainder present an unstained center surrounded 
by a narrow stained border, the so-called “‘ring”’ forms. Evi- 
dence is also presented of a definite relationship between penetra- 
tion by carbol-fuschsin and death of the spore by heat. As a 
spore suspension of Clostridium botulinum is heated the propor- 
tion of solid staining spores increases until it becomes 100 per 
cent and this point is correlated in a general way with the thermal 
death point as determined by cultivation. 

In the present investigation an attempt was made to apply this 
differential spore stain to the common aerobic spore-formers 
such as B. megatherium, B. cereus, B. subtilis, etc. The method 
suggested by Burke (1923) for the spores of Cl. botulinum is as 
follows: Smears are made on glass slides and air dried, heat fixa- 
tion is omitted. The slides are then stained for two minutes 
in steaming carbol-fuchsin (1.5 grams basic fuchsin, Griibler, 

25 


JOURNAL OF BACTERIOLOGY, VOL. X, NO. 1 











26 8. A. KOSER AND J. H. MILLS 


dissolved in 15 cc. of 95 per cent alcohol is added to 5 cc. of 
melted phenol crystals in 85 cc. of distilled water), washed, 
blotted dry and decolorized very briefly with two or three changes 
of absolute acetone. Wash, blot and counter-stain with Loeffler’s 
methylene blue for two minutes. In our work Coleman and 
Bell’s basic fuchsin was used instead of Griibler’s, otherwise the 
technic of staining followed that outlined by Burke. 

Most of our work was done with a laboratory stock culture of 
B. megatherium. Subsequently, the method was extended to 
other species and the following were used: B. megatherium 
(2 strains), B. cereus, B. subtilis, B. ramosus, B. mesentericus, 
B. fusiformis, and B. terminalis. Throughout most of the work 
young agar slant cultures, four to seven days old, were used. 
There were taken up in sterile water or sterile physiological salt 
solution and the resultant suspensions were used for preparing 
smears on glass slides. As a rule the preparations were made and 
stained immediately. When necessary to kill the spore sus- 
pensions by heat they were held in streaming steam in the Arnold 
sterilizer for one hour. This was found to be sufficient to kill the 
spores of the various aerobes studied, for subcultures made after 
the heating were always sterile. Evidently the spores of B. mega- 
therium and related types are much less resistant to heat than 
are those of Cl. botulinum since many of the latter will withstand 
a temperature of 100°C. for several hours (Weiss, 1921; Dick- 
son et al., 1922; Esty and Meyer, 1922; Tanner and McCrea, 
1923). 

At first an attempt was made to apply the method to B. 
megatherium exactly as it had been outlined for Cl. botulinum. 
However, following the two minutes in steaming carbol- 
fuchsin it was found that from 50 to 90 per cent of the spores ap- 
peared as solid staining forms. Since it is highly improbable that 
his propoftion represented dead spores in the original suspension, 
it is evident that the combination of carbol-fuchsin with the 
“steaming’’ temperature is too severe and that many spores, 
viable at the outset, were killed or at least were penetrated by 
the dye during the process. An effort was then made to con- 
trol the temperature of the staining solution in an endeavor to 
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find conditions under which young viable spore suspensions would 
show a large proportion of ring forms and, when killed by heat, 
would show 100 per cent solid staining forms. This was done by 
holding the Coplin jar or small beaker containing the carbol- 
fuchsin solution in a water bath. In this way the temperature 
of the stain could be adjusted to any desired point and held there. 
Slides were then immersed in the stain for the proper interval. 

The first experiments were designed to determine the effects 
of temperature and time upon the permeability of B. megatherium 
spores to carbol-fuchsin. In every case the decolorization with 

TABLE 1 


Effect of time and temperature upon the penetration of spores of B. megatherium by 


ca bol J ichs n 


TIME OF STAINING 


TEMPERATURE Two minutes One minute Thirty seconds 
Ring Solid Ring Solid Ring Solid 
°C, 
25° 98 .25t 1.75 99 .25 0.75 99 25 0.75 
40 94.8 5.2 88.6 11.4 97 6 2.4 
50 82.2 17.8 90.5 9.5 95 6 44 
60 | 349 65.1 78.6 21.4 84.0 16.0 


70 3.0 97 .0 23.4 76.6 74.9 25.1 

* Room temperature. 

t Expressed as per cent. At least 400 to 500 spores were counted and the 
percentage figured upon this basis. 


acetone and counterstaining with methylene blue were the same 
as recommended by Burke. The results are given in table 1. 
It is quite clear that the penetration of young viable spores by 
carbol-fuchsin is a function of the time and temperature. As the 
temperature is raised the proportion of solidly stained spores 
increases, and at any given temperature the proportion of solid 
staining forms decreases as the time of staining is shortened. 
The only discrepancy in the table occurs at 40°C. for one minute. 
A repetition of this gave 95.8 per cent ring forms and 4.2 per 
cent solid forms. 
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Evidently staining for one or two minutes at room temperature 
best serves the purpose for this organism. The preparations 
stained for thirty seconds, especially those at the lower tempera- 
tures, usually were not as desirable for counting as those given 
one or two minutes. Many of the ring forms were stained very 
lightly and for this reason were more difficult to count. Also, 
some spores exhibited a pink center with a deep red border. In 
this connection it should be noted that after staining for one or 
two minutes the spores almost invariably fell into the two sharply 
defined groups. The solidly stained spores were a deep red 
throughout and stood out in decided contrast to the pink oval 

TABLE 2 


Proportions of ring and solid stained spores in unheated and heated suspensions of 
B. megatherium 





STAINED AT ROOM TEMPERATURE 


Two minutes | One minute | Thirty seconds 


Solid 


iz a a ry 
| Ring | Solid | Ring 


Unheated........... _... 97.8%! 22!) 990) 10) 993] 07 
Heated és : -- 0.0 | 100.0 0.0 | 100.0 0.0 | 100.0 


Ring Solid 





* Expressed as per cent. Four to five hundred spores were counted and the 
percentage figured upon this basis. 
“ring’’ forms with the colorless center. Very few intermediate 
stages were seen. The colored outline of the ring forms varied 
somewhat in thickness, but as the colorless center was always 
in evidence this caused no confusion in counting the preparations. 
A few spores were seen which showed a pink center surrounded by 
a deep red ring. These were encountered infrequently and were 
classed as solid staining forms. The picture presented by B. 
megatherium after staining by this method for one or two minutes 
at room temperature is quite similar to that described by Burke 
(1923) for Cl. botulinum after staining two minutes with steam- 
ing carbol-fuchsin. Evidently the penetration of stain to the 
interior of the spore occurs very quickly, since in the graded 
series of temperatures shown in table 1 very few intermediate 
forms were seen as the proportion of solidly stained spores in- 
creased. 
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A comparison of unheated and heat-killed B. megatherium 
spores is given in table 2. The decided contrast in the results 
of the differential stain is quite striking and needs little comment. 


TABLE 3 
Differential counts on mixtures of living and heat-killed spore susp 
megatherium 
DIFFERENTIATION BY STAINI 
TWO MINUTES AT ROO 
TEMPERATURE 
PROPORTION OF SUSPENSION BY VOLUME 
Per cent of Per cent 
solid forms ring forr 
79.6 20 
3 heated : 1 living........... ; ' : 80.4 19 
76.6 23 
49 
48; 
1 heated : 1 living ...... ee 51 
49 § 


1 heated : 2 living 


1 heated : 3 living...... 


1 heated*: 5 liv'ng 


Controls: 


Unheated 
All heated.... 


A total of 500 to 1000 spores was counted in each preparation. 


The killed spores invariably were penetrated by the dye and such 
preparations showed 100 per cent solid staining forms. 

To further control the accuracy of this method definite mix- 
tures of living and heated spores of B. megatherium were pre- 
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pared and a differential count was then made on the basis of 
the stain. Spore suspensions were prepared from agar slants four 
or five days old and part of each suspension was killed by heat- 
ing for one hour in the Arnold sterilizer. The living and heat- 
killed spore suspension were then mixed in various proportions, 
well shaken and a loopful of each mixture removed to a slide, 
air-dried and stained with carbol-fuchsin for two minutes at 
room temperature. The decolorization with absolute acetone and 
the methylene blue counterstain were applied as usual. Several 
different preparations of each mixture were made and counted. 
The results of this experiment are given in table 3. By the use of 
the differential stain it was possible to determine fairly accurately 
the proportion of heat killed spores in the various mixtures. 
The appearance of the solidly stained spores and the ring forms 
presented a very decided contrast and no difficulty was encoun- 
tered in distinguishing them. 

The results of the differential stain were next compared with 
the thermal death point as determined by cultivation. The same 
strain of B. megatherium was used for these experiments. To 
avoid the complication of numerous vegetative cells in the spore 
suspensions which might cause a decrease in the plate count after 
heating, agar slant cultures from two to three weeks old were 
employed. ‘These were taken up in sterile water after the usual 
procedure. The particular culture of the B. megatherium used 
in these experiments formed spores very readily and stains made 
from suspensions of the two to three weeks old agar slants re- 
vealed very few vegetative cells, not enough to cause any appre- 
ciable decrease in the plate count after the first interval of heating. 
The spore suspensions were divided among a number of narrow 
thin-walled test tubes and heated in a DeKhotinsky oil bath for 
varying lengths of time. At each time interval a tube was re- 
moved from the bath and cooled by immediately placing in 
cold water. Plates were then made from each tube to determine 
the number surviving and at the same time a drop of the material 
was placed on a slide, air-dried and stained. The percentage 
of spores killed, as determined by the plate count, could then 
be compared with the per cent of solid staining forms as brought 
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out by the differential stain. A number of experiments were run 
Two typical series of results are given in 
At the outset of the experiment the unheated spore 
suspensions always showed a small proportion of solid forms. 
This is in harmony with previous work. As the heating progresses 
and the spores are killed, it is noteworthy that the proportion of 


at 90° and at 100°C. 
table 4. 


TABLE 4 


Comparison of death rates of spores of B. megatherium as determined by platir 


DEAD BACTERIAL 


by the differential stain 


PLATE CO 
PER « 


TEMPERATURE AND TIME HEATED 


UB 


CENTIMETER 


Original (unheated)... .. ..| 47,0 


0,000 
Heated 90°C., 2} minutes... , 12,0006 ,000 
Heated 90°C., 5 minutes 2,600,000 
Heated 90°C., 7} minutes 365 ,000 
Heated 90°C., 10 minutes 85.000 
Heated 90°C., 15 minutes 9,500 
Heated 90°C., 20 minutes. . 1,800 
Heated 90°C., 30 minutes 60 
Heated 90°C., 45 minutes... 3 
Heated 90°C., 60 minutes. . 0 


Original (unheated) 
Heated 100°C., 1 minute............. 
Heated 100°C., 2 minutes............ 6, 


(0 epee eee | 26,000,000 
800,000 
500 ,000 


Heated 100°C., 3 minutes............. 900 ,000 
Heated 100°C., 4 minutes............. 180,000 
Heated 100°C., 5 minutes.............. 2,000 
Heated 100°C., 7} minutes............... 1 
Heated 100°C., 10 minutes............. 0 


Heated 100°C., 15 minutes.......... 





solidly stained spores is always lower than the per cent killed 
The discrepancy between these 
two methods of estimating the proportion of spores killed is 
greatest near the outset of the heating process and then as the 
point is approached at which all spores are destroyed the 
Finally, when viable 


as shown by the plate count. 


per cent of solid forms increases rapidly. 


spores can no longer be detected by cultivation, 


99 OS 
99 99-4 
99 999-+- 
100 0— 
100.0 


27.7 
75.0 
96.5 
99 3 
99 .992 
100.— 
100.0 
100.0 


SPORES 


PER CENT KILLED AS 8 


21 
42 
70 
100 
100 
100 


the 


9 
9 
2.3 
6 


solid 


31 
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staining forms constitute 100 per cent of the preparations and the 
two methods then check very accurately. Similar results were 
obtained upon several repetitions of this experiment and it is 
believed that errors in technic cannot account for the results 
obtained. It seems evident that during the process of heating, 


TABLE 5 


The differential staining method applied to various aerobic spore-formers 


STAINED AT ROOM TEMPERATURE 


Two minutes One minute 
Ring Solid Ring | Solid 
B. megatherium (2nd culture): 
ae ; 94.3 5.7 | 95.8 4.2 
0 ER eee oe? 0.0 100.0 0.0 | 100.0 
B. cereus: 
Ee ae nceuk ae 3.5 98.9 | 1.1 
EE Patiala it 0.0 100.0 | 0.25 99.75 
B. subtilis: | 
Unheated........... et oe Ral 95.0 5.0 96 .25 | 3.75 
IE cncnscwes ; deh Seca iearee 0.0 100.0 0.0 100 .0 
B. mesentericus: 
Unheated............ ids ines | 95.1 | 4.9 %.3 | 3.7 
a eT Ns a os 0.0 100.0 0.0 100.0 
B. ramosus: 
Unheated.. ..... sill staal ...| 97.0 3.0 | 98.7] 1.3 
OS Se eee eee ee | 00 | 1000 | 00 | 1000 
B. terminalis: 
RE aR ar: Seay a | 86.6 | 13.4 89.9 | 10.1 
So ng oS er ee oe Paid 15.2 | 8.8 17.9 | 82.1 


B. fusiformis: 


— \ fwe ens eet atu ....+.+--| Practically all ring forms, these take 


? the counterstain and appear blue. 
No differentiation between heated 
and living 


the point at which spores are rendered incapable of germination 
and the point at which they are penetrated by the stain are not the 
same. Penetration by the stain always occurs just after the spore 
has been killed, or at least rendered unable to germinate when 
transferred to suitable media. In this connection it should be 
mentioned that Burke (1923), in her work with Clostridium botu- 
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linum, obtained evidence that loss of viability slightly preceded 
complete dye penetration or solid staining. This conclusion was 
based upon a comparison of the maximum survival of C. botulinum 
spores heated in broth and the corresponding percentages of solid 
staining forms heated in the same medium. 

The results of the spore stain when applied to several miscellane- 
ous types of aerobic spore-formers are shown in table 5. In these 
cases agar slants one week old were used as the source of spores. 
Two staining procedures were tried; in one the carbol-fuchsin was 
applied for one minute and in the other for two minutes. ‘The 
usual procedure of decolorization and counterstaining was fol- 
lowed. With most of the organisms the stain served to differen- 
tiate very nicely between the unheated and heat-killed spore 
suspensions. ‘The heated suspensions showed 100 per cent solid 
staining spores whereas the preparations made from unheated 
spores showed only a few of the solid type and consisted very 
largely of the ring forms. Two cultures gave unsatisfactory 
results. Bacillus terminalis did not show a marked contrast 
between the unheated and heated preparations and in addition 
many of the ring forms took the counterstain and appeared blue 
instead of red. The results secured with B. fusiformis were even 
more unsatisfactory for there appeared to be no difference at all 
between the beated and unheated spores. None of the heat-killed 
spores took the carbol-fuchsin, but all spores, both heated and 
unheated, took the counterstain and appeared as blue ring 
forms. It is possible that a modification of the staining technic 
might be found which would give satisfactory results with these 
last two cultures. This was not investigated however. It 
should be pointed out that each species, or even each strain 
within the species, may present a different degree of permeability 
and in each case the time and temperature must be chosen which 
serves to bring out the best differentiation. Evidently this 
is true even with the highly resistant Cl. botulinum spores 
for Burke (1923) states that the period of immersion in the 
carbol-fuchsin should vary slightly with different strains of the 
organism. 
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It will be seen that in the unheated suspensions, although the 
ring forms greatly predominated they never reached 100 per 
cent. The preparations of all of the organisms studied invar- 
iably showed a small proportion of solid staining spores, even when 
young spores from three to four day agar slants were used. This 
number varied usually from 1 to 5 per cent with an occasional 
higher figure. The point may be raised as to whether the stain- 
ing method is entirely accurate in this respect, since these solid 
forms may really not represent dead spores. This is largely con- 
jecture at the present time since little is known about the death- 
rate of spores of the various species under different conditions 
and at different ages of the culture. In this connection the work 
reported by Swann (1924) is especially interesting. Upon the 
basis of microscopic observations of the germination time of 
spores of B. anthracis, he states that 5 per cent of young anthrax 
spores (two to three days old) and about 55 per cent of old dried 
spores (one year old) are dead. Also, it appears that even young 
actively growing vegetative cells may have a certain death-rate, 
for Wilson (1922) has reported that during the period of lo- 
garithmic growth of Bact. suipestifer the percentage of viable 
organisms seldom rose above 90 per cent of the total and frequently 
it fell considerably below this figure. Thus the available evi- 
dence indicates that we may expect a small proportion of dead 
cells, both spore and vegetative forms. The results secured by 
the differential spore stain are in harmony with this viewpoint. 

Finally, it should be emphasized that thus far the stain has been 
applied only to spores killed by heat. A few miscellaneous ob- 
servations were made upon B. megatherium spores after they had 
been suspended in a 0.1 per cent mercuric chloride solution until 
no growth occurred when transferred to suitable media. These 
spores were not penetrated by the stain and appeared as ring 
forms. There is the possibility of course that they were not 
killed but merely prevented from germinating by the disinfec- 
tant. In any event the results of staining were not in agreement 
with the results of cultivation. The extension of the staining 
method to spores killed by agencies other than moist heat was 
not investigated further at this time. 
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SUMMARY ‘ 

The staining method suggested by Burke for differentiating 
the living and dead spores of Clostridium botulinum was modi- 
fied and applied to several miscellaneous aerobic spore-formers. 
With most of these a good differentiation was obtained, though 
two cultures gave unsatisfactory results. 

In additional investigations a strain of B. megatherium was 
used. It was found that penetration of the spores by the dye 
is dependent upon the time and temperature at which the stain- 
solution is applied. One or two minutes in carbol-fuchsin at room 
temperature gave the best results with the organisms studied. 
Spores killed by heat are penetrated by the stain and appear as 
solid staining forms, whereas unheated spores from young cul- 
tures show a very large proportion of ring forms with only a 
low percentage of the solidly stained forms. 

The method appears to be reliable and permitted the determina- 
tion of the percentage of heated and living spores in mixtures 
of known proportions. 

There is evidence that during the process of heating, the point 
at which spores are rendered incapable of germination and the 
point at which they are penetrated by the dye are not the same. 
Apparently penetration by the stain occurs just after the spore 
has been killed or at least rendered unable to germinate when 
transferred to suitable media. However, after heating sufficiently 
to kill all spores in the suspension the proportion of solidly stained 
spores was uniformly 100 per cent and agreed with the negative 
results secured upon cultivation. 
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HISTORICAL RESUME 


In the literature relating to the bacteria growing at high tem- 
peratures there are but three references, so far as we are aware, 
to thermophilic anaerobes. The earliest reference to bacteria 
of this type is found in the work of Oprescu (1898) who described 
three species of obligate anaerobes, although there may be a rea- 
sonable doubt whether these species were really anaerobic. Some- 
what later Benignetti (1905) isolated a single species of a thermo- 
philic bacillus from water, which could be cultivated anaero- 
bically. And finally, in 1906, Bardou (1906) reported the 
isolation from sewage of four strains of facultative anaerobes 
that grew equally well at 18° and 60°C. These organisms were 
characteristically putrefactive at either temperature. In con- 
trast to the organisms that we will describe, it should be noted 
that the strains isolated by Bardou had the faculty of growing 
in the presence of atmospheric oxygen. 


SOURCE OF THE CULTURES AND METHODS EMPLOYED 


The organisms to be described in this paper were isolated from 
well-rotted horse manure. The method of isolation was the same 
in all cases. A suspension of the feces was made in sterile water 
and deep infusion agar shake tubes inoculated with from 1 to 
3 drops of suitable dilutions of this suspension, following the 
technique of Veillon-Zuber (1898). These tubes were incubated 
from two to five days at 55°C. and the single isolated colonies 
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cut out, sterilized by the application of tincture of iodine and 
transferred to the cooked meat medium of Holman (1919) 
which had previously been boiled for fifteen minutes in order 
to expel the dissolved oxygen. At this point melted vaseline 
to a depth of 1.5 to 2 em. was poured over the meat, as it would 
seem that anaerobiosis at thermophilic temperatures is some- 
what aided by this means. In the majority of cases good growth 
is observed in the meat tubes after forty-eight hours’ incubation 
although this is confined to the immediate vicinity of the meat 
particles and the supernatant broth remains clear. More pro- 
fuse growth in the meat tubes was obtained by the addition of 
about 5 ec. of sterile aqueous infusion of horse manure to the 
medium. 

From the meat tubes, which were used as stock cultures, trans- 
fers were made, using a Pasteur pipette, to the various media. 
In all cases the growth of the organisms was tested aerobically and 
anaerobically on infusion agar slants. The anaerobic tests were 
made in a McIntosh and Fildes (1916) jar. The organisms were 
also planted on the usual anaerobic media, i.e., egg cube, alkaline 
egg, litmus milk, brain, and lactose, sucrose, glucose, mal- 
tose, starch, glycerol, inulin, and mannitol broth. Only a meager 
growth was observed in these media and there was no visible 
reaction. 

Throughout all our work veal infusion media were used for 
both aerobic and anaerobic cultivation. In the cases where sugar 
free meat was used it was freed from muscle sugar by inocula- 
tion with B. coli-communior, incubated eighteen hours at 37°C., 
tubed and sterilized. 

The solid media in which a carbohydrate was included were 
prepared from 1.5 per cent veal infusion agar by adding 1 per 
cent of the carbohydrate and 1 per cent Andrade indicator. 

The test for nitrate reduction was performed by incubating 
veal infusion nitrate broth for forty-eight hours and then test- 
ing for the presence of nitrite by the addition of a’pha-naphthyl- 
amin and sulphanilic acid. 

Hydrogen sulphide production was observed by the formation 
of lead sulphide in veal infusion agar shake tubes to which 0.1 
per cent basic lead acetate had been added. 
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The production of indol was tested for by the methods of 
Ehrlich and Salkowsky and the vanillin test. 

The thermal resistance of the organisms described herein was 
determined by submitting the broth from a meat culture which 
had been incubated for forty-eight hours at 60°C, to heating 
for ten minutes at 60°, 70°, 80°, 90°, 100°, 110° and 120°C, 
The cultures were immersed and heated in a DeKhotinsky oil 
bath. After the period of heating subcultures were made in veal 
infusion agar shake tubes and incubated at 55°C. for five days. 


MORPHOLOGICAL AND CULTURAL OBSERVATIONS 


In the description of the following organisms the generic 
name “Clostridium” has been adopted as suggested by the 
Society of American Bacteriologists for all anaerobic spore- 
forming bacilli. The selection of a term to indicate the species 
has been dictated by the effort to incorporate the thermophilic 
character and the most outstanding feature of the organism in 
a single word. 

During this investigation many thermophilic cultures have 
been isolated which were facultative anaerobes. A report on 
the cultural characteristics of these organisms will be made in 
a subsequent paper. The detailed descriptions given in this 
paper apply only to organisms conclusively demonstrated to be 
obligate anaerobic thermophiles. A few of the cultures show 
slight growth at 37°C. as well as at 55°C. but in general their 
characteristic reactions are best observed at the higher temperature. 


Clostridium thermoputrificum 


This organism is an obligate anaerobic thermophile isolated from 
fecal material derived from the horse. It undoubtedly represents a 
group of organisms having considerable putrefactive power and capable 
of exhibiting its reactions at 37°C. as well as at 55°C. 

Morphology. Uniform short rods with homogeneous protoplasm and 
rounded ends. The average dimensions of the rods taken from a forty- 
eight hour chopped meat culture, incubated at 55°C. are 5 by 2.5 microns. 

Staining properties. The organisms are gram-positive in forty-eight 
hour meat cultures. They lose their ability to retain the gentian violet 
after five days incubation. 
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Motility. Non-motile in meat cultures examined every two hours 
from four to forty-eight hours incubation. No flagella demonstrable. 

Spore-formation. Spores are observed in forty-eight hour meat 
cultures. They are terminal and oval, and bulge the rod slightly. 

Agar shake colonies. Single colonies in 2 per cent veal infusion agar 
are small, discus shaped, with well defined margins as seen under the 
low power. 

Cooked meat medium. After two days incubation at from 37° to 55°C. 
gas bubbles are noted throughout the medium. At 37°C. the vaseline 
cap is raised about 1 cm. at the end of four days incubation. Upon 
penetration of the vaseline cap a strong putrefactive odor is noted, 
and at the end of four days there is a definite proteolysis as indicated by 
the digestion of the meat. There is no change in the color of the medium. 

Sugar-free cooked meat shows reddening and a hazy diffuse growth 
throughout the medium. 

In both media the broth above the meat remains clear except for a 
narrow zone of turbidity immediately above the meat particles. 

Fermentation reaction. Lactose, glucose, starch. Growth at from 
37° to 55°C. but no acid or gas produced. 

Maltose, glycerol, sucrose, mannitol and inulin. Growth, with a 
marked production of gas, but no acid indicated at 37° to 55°C. with 
Andrade indicator. 

Lead acetate infusion agar. Hydrogen sulphide produced as evidence 
by a black coloration of the medium at 37° to 55°C. 

This culture does not reduce nitrates; it does not have any action on 
gelatin, nor does it produce indol. 


Clostridium thermoaerogenes 


This organism is an obligate anaerobe growing only at 45° to 55°C. 
It was isolated from horse manure. A number of cultures were obtained 
which gave identical reactions as indicated below. None of the cultures 
exhibited any putrefactive action. Gas, however, was produced in cer- 
tain of the carbohydrate media, but no acid was formed. 

Morphology. A uniform medium-sized rod with granular protoplasm 
and rounded ends. The average dimensions of the rods in a forty-eight 
hour meat culture incubated at 55°C. are 7 by 1.8 microns. 

Staining properties. Gram-negative in forty-eight hour meat cultures. 

Motility. Non-motile in meat cultures examined every two hours 
after four to forty-eight hours. Incubation at 55°C. No flagella 
demonstrable. 
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Spore-formation. Spores observed in forty-eight hor meat cultures 
incubated at 60°C. They are terminal, oval, and bulge the rod slightly. 

Agar shake colonies. Single colonies in 2 per cent veal infusion agar 
are round and have well defined margins under the low power. 

Cooked meat medium. After two days incubation at 55°C. gas bubbles 
are noted throughout the medium. There is no change in the color of the 
meat or sign of digestion. 

Sugar-free cooked meat shows a reddening and a hazy diffuse growth 
throughout the meat particles. A narrow zone of broth above the meat 
is turbid, above this the broth is clear. 

Fermentation reactions. Lactose, glycerol, sucrose, mannitol and 
glucose show growth but no acid or gas is formed. 

Maltose and inulin: Gas is produced, but no acid is indicated by 
the Andrade. Starch: Gas and acid produced. 

Nitrate reduction. Nitrates are reduced to nitrites after forty-eight 
hours incubation at 55°C. These cultures show no reaction on lead ace- 
tate or gelatin and do not produce indol. 

One culture was isolated which was identical with C. thermoaerogenes 
except that it produced acid in inulin. 

Three cultures were isolated which were morphologically similar and 
exhibited the same reactions at 55°C. as the above organism but also 
had the ability to grow at 37°C. without any alteration of the media. 


Clostridium thermoacidophilus 


This organism is an obligate anaerobic thermophile isolated from 
horse manure. A number of cultures were isolated which gave acid on 
some carbohydrates and acid and gas on others. None of the cultures 
exhibited any digestion of the meat. 

Morphology. A long rod with granular protoplasm and rounded 
ends. The average dimensions of the rods in a forty-eight hour meat 
culture incubated at 55°C. are 10.8 by 1.2 microns. 

Staining properties. Gram-positive in a forty-eight hour meat cul- 
ture. The organisms lose their ability to retain the gentian violet after 
five days incubation. 

Motility. Non-motile in meat cultures examined every two hours 
after four to forty-eight hours incubation at 55°C. No flagella were 
demonstrable. 

Spore formation. Spores observed in forty-eight hour meat cultures 
incubated at 60°C. They are terminal, oval, and bulge the rod slightly. 
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Agar shake colonies. In 2 per cent veal infusion agar shake tubes 
single colonies are like a burr; no definite margin could be seen under 
low power. 

Cooked meat medium. After two days incubation at 55°C. gas bub- 
bles are noted throughout the medium. There is no change in color 
and no digestion is noticed in the meat. 

Sugar-free meat medium shows a reddening and a hazy diffuse growth 
throughout the meat particles. The broth is clear except for a small 
zone just adjacent to the meat. 

Fermentation reactions. At 55°C. Lactose, maltose and glucose 
show growth but no acid or gas is observed. 

No gas is produced in glycerol, starch and sucrose, but acid is 
observed. Gas and acid are seen in mannitol and inulin. 

Nitrate reduction. Nitrates are reduced to nitrites in forty-eight 
hours. These cultures show no reaction on lead acetate or gelatin, and 
do not produce indol. 

One culture was isolated which was morphologically similar to the 
above strain and exhibited the same carbohydrate reactions at 55°C., 
but did not reduce nitrates. 

Two cultures were isolated which were similar to C. thermoacidophilus 
but grew at 37°C. with no apparent reactions although one of them has 
the power to liquefy gelatin at 55°C. 


Clostridium thermochainus 


This organism is an obligate anaerobic thermophile isolated from 
horse feces. Three cultures were isolated which produced acid from 
starch and sucrose. None of the cultures exhibited any visible 
action on meat. 

Morphology. A uniform medium rod with granular protoplasm 
and slightly rounded ends. The rods may appear singly or in chains of 
from 3 to 6 organisms. The average dimensions of the single rods in a 
forty-eight hour meat culture incubated at 55°C. are 7 by 1.8 microns. 

Staining properties. Gram-positive in a forty-eight hour meat 
culture. After five days incubation the organisms lose their ability to 
retain the gentian violet. 

Motility. The cultures are non-motile in meat cultures examined 
every two hours after four to forty-eight hours incubation at 55°C. No 
flagella are demonstrable. 
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Spore formation. Spores observed in forty-eight hour meat cultures 
incubated at 60°C. They are terminal, oval and bulge the rod slightly. 

Agar shake colonies. In 2 per cent veal infusion agar single colonies 
are round with well-defined margins under low power magnitication. 

Cooked meat media. After two days incubation at 55°C. gas bubbles 
are noted throughout the medium. There is no change in color or 
digestion noticed in the meat. 

Sugar-free meat medium shows a reddening and a hazy diffuse growth 
throughout the meat particles. The broth is clear above the meat 

Fermentation reactions at 55°C. Maltose, glycerol, lactose, mannitol, 
inulin and glucose show growth but no acid with Andrade indicator. 
No gas bubbles are seen in the medium. 

Starch and sucrose show slight acid production with Andrade 
indicator, but no gas is observed. 

Nitrates are reduced to nitrites after two days incubation at 55°C 
These cultures show no reaction on gelatin or on lead acetate, and do 


not produce indol. 
TABLE 1 


Carbohydrate reactions 
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It will be seen that, with the exception of C. thermoputrificum, all the species 
are obligate thermophiles, and that, with this exception, their fermentative 


activity is observed at 55°C, only. 
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TABLE 2 


Morphology, size, colony formation and thermal resistance 





COLONY FORMATION 


CULTURES MORPHOLOGY pn dll on i a, Merl 
| oe 
( Short rod, | 5x 2.4) Small discus- | Thermal death 
C. thermo-  } Gram-postive, shaped | point between 
putrificum || with terminal | 110° and 120°C, 
\| spore | ten minutes 
| | | | 
(| Medium, Gram- | 7x 1.8) Round, sharply} Thermal death 
C. thermo- || negative, gran- | | outlined | point between 
aerogenes {| ular, with ter- | | 110° and 120°C, 
minal spore | | for ten min- 
| utes 
| | 
{| Long rod, Gram- 10.8 x 1.2) Large, fuzzy, | Thermal death 
C. thermo- || positive, gran- | | burr-like point between 


|| minal spore | for ten min- 


| 
acidophilus} ular, with ter- | | 110° and 120°C, 
| utes 
| 


| 
(| Medium, Gram- 





7 x 1.8| Round, sharply} Thermal death 


C. thermo- | positive, gran- outlined | point between 
chainus 4 ular, chains, | 110° and 120°C, 
|| terminal spore | | for ten min- 

} utes 


| 





DISCUSSION 


The organisms described by Oprescu, Benignetti, and Bardou 
as thermophilic anaerobes have all been observed to have the 
faculty of growing in the presence of atmospheric oxygen. In 
contrast to this the species described in this paper grow only 
under conditions of strict anaerobiosis. This fact is demonstrated 
by the observation of a clear zone, in which no colonies are seen, 
to a depth of 2 to 3 cm. in the infusion agar shake tubes. 

It is true that certain cultures were seen to grow under anaerobic 
conditions at 37°C. but exhibited no reaction in any of the media 
at this temperature. An exception must be made in the case of 
C. thermoputrificum, however, as this organism exhibits all its 
cultural reactions at 37° as well as at 55°C. 
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A series of cultures incubated at 65°C. for five days showed no 
growth, demonstrating that the limiting temperature for growth 
is between 60° and 65°C. 

In the table of carbohydrate reaction it is seen that in two 
species gas is produced from maltose, glycerol, sucrose, manni- 
tol, and inulin, and that no acid could be detected with Andrade 
indicator. A possible explanation for this phenomenon is that 
the little acid which was produced may have been neutralized 
by the buffer in the medium in those cases where gas but no acid 
was observed. It is suggested also that a possible explanation 
may lie in the fact that the unattacked carbohydrate present 
stimulated the activity of the organisms to the point where 
protein fermentation took place. 

With the exception of C. thermoputrificum, the reactions of all 
the cultures were meager, although perfectly definite. In 
some of the cultures where gas production was noted there were 
only a few gas bubbles produced in the media. 

Aerobie and anaerobic control tubes were run with each series 
of media at 37° and 55°C. 

No growth, aerobically or anaerobically, was observed in any 
of the cultures at room temperature. 

In the determination of the heat resistance of the spores it 
was found that some viable spores were found after heating at 
110°C. for ten minutes, but no growth could be seen in subcultures 
in tubes heated at 120°C. for ten minutes even after five days 
incubation. 

The pathogenicity of all the cultures was tested by subcutane- 
ous and intraperitoneal inoculation in guinea pigs, using 0.5 
per cent of the body weight of inoculum. No pathogenic 
action was observed in any of the cultures. 


CONCLUSIONS 


1. A group of obligate anaerobic thermophiles has been de- 
scribed for the first time. 

2. The species described belong to the genus Clostridium by 
virtue of their anaerobic spore-forming character. 
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3. One culture has been isolated which has an optimum tem- 
perature range of from 37° to 55°C. and which is actively pro- 
teolytic throughout this range. 

4. The limiting temperature of growth for these cultures is 
between 60° and 65°C. 


5. The thermal death point of these cultures lies between 
110° and 120°C. 
6. None of the cultures are pathogenic for guinea-pigs. 
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In the course of certain experiments on the permeability of 
collodion membranes, it was found that the body fluids could 
furnish diffusible nutrient substances to bacteria in intraperi- 
toneally implanted collodion sacs (Gates, 1921). Conversely, 
although sterile collodion sacs were practically inert, an active 
proliferative cell reaction occurred around sacs containing living 
bacteria, thus demonstrating the passage of irritating bacterial 
products in the opposite direction. These reactions were of in- 
terest in relation to the survival of bacteria in vivo and to anti- 
body formation as a result of chronic local infection. The re- 
action of the body to a localized infection with Bacterium ty- 
phosum, enclosed in collodion sacs, was therefore observed in a 
series of 8 rabbits, 4 of which were killed for examination after 
from twenty-four to forty-five days, and the others after a 
survival of from fifteen to nineteen months. 


EXPERIMENTAL 


Under ether anesthesia, each rabbit was implanted intraperi- 
toneally with 3 or 4 collodion sacs of about 5 ec. capacity (Gates, 
1921), containing distilled water or 0.85 per cent salt solution and 
inoculated with a strain of Bact. typhosum originally obtained by 
Dr. C. G. Bull from an ampoule of Besredka’s sensitized typhoid 
vaccine. Two of the rabbits carried uninoculated control sacs also. 
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The effects of implantation on the host 


The presence of the sacs had no observable effect upon the 
health of the animals. No variations from normal were ob- 
served in temperature, weight, or appetite. Shortly after im- 
plantation, sacs containing living microérganisms became covered 
with a mantle of fibrin and wandering cells. Later this exudate 
became organized and replaced by ingrowth of connective tissue 
cells and vascular elements until the sac, or group of sacs, formed 
the center of a dense pedunculated mass of fibrous tissue with 
vascular walls from 1 to 3 mm. in thickness. There was never any 
evidence of intestinal obstruction or other interference with 
function due to the presence of these masses. They were usually 
attached to the omentum. In all the rabbits of this series the 
abdominal organs appeared normal, or showed only the lesions of 
coccidiosis which are frequently encountered in stock animals. 

Collodion sacs do not withstand intraperitoneal conditions 
indefinitely. The material gradually deteriorates, losing its 
transparency and elasticity, so that after a time the sacs break 
and disintegrate. After twenty-four days, 8 sacs in 2 rabbits 
were found intact, as were 3 sacs in another rabbit after 41 days 
incubation. After forty-five days, however, 2 of the 3 sacs in a 
fourth rabbit were broken and all of the sacs in the 4 rabbits 
examined more than a year later had collapsed. It seems prob- 
able that in these animals the sacs did not remain intact longer 
than one or two months and thereafter served only as the focus 
of a localized infection. At the time that the sacs broke they 
were undoubtedly already surrounded by a capsule which pre- 
vented a wide dissemination of the liberated organisms. At 
autopsy no other foci of typhoid infection were discovered. 
Cultures of the blood, urine, and bile were negative for Bacterium 
typhosum. 


Examination of sac contents after intraperitoneal incubation 


In the shorter experiments (twenty-four or forty-one days) 
when the sacs were still intact, they were surrounded by a small 
amount of sterile seropurulent fluid. The sacs themselves were 
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filled with a milky material which separated, on standing, into a 
cloudy, straw-colored fluid of pH 7.4 to 7.6 on the Sérensen scale, 
and a cream-colored sediment whose volume was from } to } of 
the whole. This heavy deposit consisted of amorphous débris 
and a variety of bizarre-shaped Gram-negative bodies, coc- 
coidal and bacillary, which took bacterial stains with all degrees 
of intensity and often were stained more heavily at the poles. 
Some forms were typical of Bacterium typhosum. Larger, 
oval and spherical, deeply stained bodies such as are often 
called “involution forms’’ were also observed. The amount of 
this material was far in excess of what is ever formed in old cul- 
tures of Bacterium typhosum, in vitro. Multiplication had pro- 
ceeded long after growth would have ceased in an artificial 
medium. Obviously the continued growth was due to a persisting 
diffusion of fresh nutrient material through the sac wall. From 
the contents of these sacs, intact after twenty-four or forty-one 
days incubation, pure cultures of typical Bacterium typhosum 
were obtained. 

The filtered supernatant fluid from two sacs which had been in 
the peritoneal cavity of Rabbit 5 for forty-one days proved some- 
what toxic for a normal rabbit only when injected intravenously 
in a dose of 5 ec. It caused a transient rise in temperature and a 
temporary depression. 

The sacs which had broken during forty-five days incubation 
contained a milky fluid and sediment made up of bacterial débris 
and flakes of pus. Films showed many degenerated leucocytes 
and some typical monocytes and polynuclear cells. No phago- 
cytosis was observed. The unbroken sac contained the same 
bacterial forms but no leucocytes. The contents of the sacs pro- 
duced confluent growths of Bacterium typhosum in pure culture. 

The next observations were made on the 4 rabbits which were 
allowed to survive for periods of fifteen to nineteen months. The 
findings were practically identical throughout. A section of the 
dense, tough capsules of fibrous tissue disclosed a mass of thick, 
white, creamy or cheesy material containing the broken remnants 
of a collodion sac. This material consisted of amorphous, diffusely 
and irregularly staining débris, in which no wandering cells could 








50 FREDERICK L. GATES 


be identified. Many “shadows” of bacillary shape made blank 
spaces in the background. Recognizable stained organisms were 
rarely encountered. Nevertheless, each pocket in the capsular 
masses yielded a luxuriant, confluent growth of Bacterium 
typhosum. Some of the sacs had been inoculated with cultures 
derived from sacs of the earlier series and so represented a second 
period of incubation in vivo. Cultures from the capsules were 
compared with the original strain, kept on nutrient agar in the 
laboratory. Even after long periods of survival in the animal 
body in more or less intimate contact with wandering cells and 
tissue fluids, no change whatever in the morphology, staining 
reactions, antigenic properties or functional activity of Bacterium 
typhosum could be observed. 

Zinsser and Raymond (1921) recently published a note which 
is of interest in this connection. Celloidin capsules made on 
candy cores and emptied by dialysis were punctured with a 
needle and inoculated with streptococci in agar. The puncture 
hole was left open. Rabbits harboring such celloidin sacs in the 
peritoneal cavity usually lived for months. Some gradually 
emaciated, others developed agglutinins. After four months 
the capsules were found to contain living streptococci. The 
organisms recovered were morphologically and culturally iden- 
tical with those implanted. The authors consider that their 
experiments furnish “‘some evidence, at least, against the muta- 
tions of streptococci in the animal body.” 


ae 


Antibody production 


The serum of the rabbits tested agglutinated Bacterium 
typhosum in dilutions of from 1:32 to 1:100 after the twelfth to 
sixteenth day, when the sacs were certainly or supposedly intact. 
On the forty-first day when 1 rabbit was killed and found to 
harbor unbroken sacs, the agglutinin titer of the animal’s serum 
was 1:160. Apparently there was some passage of agglutinogen 
through the sac walls. After the sacs had almost certainly broken, 
higher titers were found in the serum of the rabbits which were 
allowed to survive. Even so, the antibody formation was slight 
in comparison to that readily obtained with small doses of 
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Bacterium typhosum injected intravenously. The ‘highest titer 
observed was 1:800 in the serum of one rabbit six months after 
the sac implantation. ‘The titers of serum specimens from the 
other 3 rabbits ranged from 1:25 to 1:500, six to nine months 
after operation. Thereafter the agglutinin content of the sera fell 
off gradually until the tests made after a year showed agglutina- 
tion only in serum dilutions of 1:4 to 1:8. Such figures indicate 
that practically no agglutinogen was being produced in the cap- 
sules, or that the foreign material was so completely walled off 
by the fibrous tissue that no absorption of agglutinogen was 
taking place. 

In 1901 McCrae (1901) reported somewhat similar results 
from the intraperitoneal implantation of bacteria of the colon 
group contained in celloidin capsules. In one instance an agglu- 
tination titer of 1:1000 was obtained against Bacterium enteritidis 
on the twenty-first day. After the capsule had been removed 
on the twenty-sixth day the serum titer had dropped to 1: 500 
by the thirty-first day. McCrae concluded that agglutinins in the 
serum are strictly associated with the existence of bacteria in a 
living state in the body, and noted that his observations might 
explain long-continued reactions in the serum of persons who had 
recovered from typhoid fever. He referred to the persistence of 
typhoid bacilli in the gall bladder and in abscesses, which proves 
that the microérganisms may survive for long periods “either 
lying latent or proliferating very slowly in some one or other 
region of the body.” 

SUMMARY 


Eight rabbits, intraperitoneally implanted with collodion sacs 
containing Bacterium typhosum in salt solution or distilled water, 
furnished nutrient materials to the organisms which promoted 
luxuriant growth and maintained the bacilli in a viable condition 
for periods up to nineteen months, the longest interval tested. 
The bacteria developed in many bizarre shapes and sizes, but 
these forms were either not viable, or reverted to normal on trans- 
fer to a more favorable medium. Even after a sojourn of many 
months in vivo, no permanent change in morphological, cultural, 
or antigenic properties could be detected. 
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The rabbits themselves were unaffected by the implantations 
and maintained their health and rate of growth unimpaired. The 
sacs were at first covered with a mantle of fibrin and wandering 
cells and later isolated by dense connective tissue capsules which 
closely confined their contents after the sacs had broken. No 
evidence was found of the invasion of other tissues by the micro- 
organisms, and the slight absorption of antigenic material from 
sacs and fibrous pockets was only sufficient to maintain a rela- 
tively low antibody titer in the blood serum. 

The conditions produced bear some similarity to the typhoid 
carrier state and show experimentally the possibility of an in- 
definite parenteral survival of Bacterium lyphosum. 
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INTRODUCTION 


In making some routine studies of streptococci isolated from 
root canals of pulpless teeth at the Evans Institute, I have 
found a type which can not be classified as any one of the fou 
outlined by Brown (1919). 

The following description taken from Brown’s work, will give 
the general characteristics of these four types. 


Typea .. . . at the end of approximately 48 hours incu- 
bation . . . . To the eye the deep colonies appeared as small 
biconvex greenish colonies . . . . surrounded by zones 
in which the blood corpuscles were distinctly greenish in color. Under 
the low power of the microscope . . . . the greenish zone was less 
apparent, but in the outer portion of the zone there was possibly a 
slight hemolysis 


After refrigeration for forty-eight hours . . . . Examined 
under the low power of the microscope the deep colonies were seen to 
be surrounded by what may be called “‘double zones” . . . . com- 
posed of a distinct inner collection of . . . . greenish non- 


hemolyzed corpuscles next to the colony and an outer more or less 
hemolyzed ring . . . . Apparently the greenish discoloration of 
the corpuscles was accompanied by a fixation against hemolysis for (1 
it preceded hemolysis, (2) the hemolytic substance must have passed 
out from the colony through the collection of corpuscles, and (3) it must 
have been present in greater concentration among these corpuscles 
next to the colony than farther out where hemolysis did occur. 
As it has been noted that the zone of greenish corpuscles was formed 
during incubation and that hemolysis took place during refrigeration, 
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the blood agar plate was replaced into the incubator for another period 
of forty-eight hours. There appeared outside the hemolyzed zone 


another ring of greenish corpuscles . . . . Still another exposure 
to the temperature of the refrigerator resulted in the formation of a 
second ring of partial hemolysis . . . . Apparently the alternate 


throwing off of rings of fixed corpuscles and of hemolysis in response to 
alternate incubation and refrigeration is limited only by the exhaustion 
of the medium and the accumulation of metabolic products which 
inhibit further growth and activity. 

Type 8. This type of appearance in blood agar may be described 
as a colony surrounded by a perfectly clear, colorless zone of hemolysis. 
‘ There is no trace of discoloration and when viewed micro- 
scopically no corpuscles are seen in the medium surrounding the colony. 

. The colony itself is grayish by transmitted or reflected 
light . . . . after refrigeration for forty-eight hours they showed 
no change . . . . nor did they change during a second period of 
incubation and refrigeration. . . . . The difference in behavior 
of the two types in respect to refrigeration is so great as to suggest 
different hemolytic substances or processes. 

Type a’ . . . . It can scarcely be called anything but a he- 
molytic streptococcus for there are distinct hemolyzed zones and no 
apparent discoloration . . . . colonies of the alpha prime type 
appear somewhat hazy or poorly defined within the hemolyzed zones. 
Under the microscope . . . . the reason for this haziness is 
apparent; a few corpuscles are seen to remain throughout the zone 
but are most numerous next tothecolony. . . . . After forty-eight 
hours incubation the plate . . . . was refrigerated for forty-eight 
hours. The zones were noticeably enlarged . . . . Placed into the 
incubator for another period of forty-eight hours the zones became still 
larger and rather diffuse but no multiple zones of concentric rings 
were formed. 

Type y. . . . . By the gamma type is meant the growth of the 
streptococcus colonies within and on the blood agar plate without the 
production of any perceptible hemolysis or discoloration of the sur- 
rounding medium during incubation or refrigeration. 


ORIGINAL OBSERVATIONS 


Grown in 5 per cent blood agar plates, using defibrinated horse 
blood, the surface colonies of the type under consideration pro- 
duce no visible change in the surrounding medium. The deep 
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: : ' ‘ 
colonies after forty-eight hours incubation appear macroseopi 


cally, irregularly shaped, olive green in color and about 0.75 


mm. in diameter. Each is surrounded by sa pale green zon 
slightly narrower than the diameter of the colony The ill 


defined outer margin of this green zone is not surrounded by 
clear colorless zone, but merges directly into the unchanged blood 


agar beyond. ‘This appearance is unchanged by forty-eight 





big. 1. Phare Cononies or OrGaxism Grow » Pen 4 1} \ 
Drawn arrer Forry-kreur Hours Ine borty-ki 1] 


IN ler Box SI 


There were approximat: 175 colonic n the plats \ 
by transmitted light and & ea. S dian 
hours subsequent subjection to retrigeration (fig. 1 Under the 


low power of the microscope in the zone immediately surround 
ing the colony the blood cells are seen to have lost all their pink 
color and to appear as minute pale grey-brown dots or when seer 
in clumps, as slightly darker grey-brown masses. There is no 
apparent decrease in their number, and they lie on an absolutely 
clear colorless back ground, ‘| he outer margin ol this Zone is 
very ill-defined and merges gradually into the unchanged medium 


where the agaris tinted a distinet pink from the laked hemoglobu 
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and the blood cells have retained their normal tone the clumps 
especially being seen as definitely red HLASSes hig. 2 


The colonies resemble Brown's alpha type in that they are 
immediately surrounded by a zone, greenish to the naked eve, 
which the blood cells still persist but without their normal 
Sut they differ from the alpha tvpe in that refrigera- 
They differ 


In) 
color. 


tion fails to produce an outer zone of hemolysis. 
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from both the alpha prime and the beta types in that there is no 


decrease in the number of blood cells in the zone surrounding 


the colony. 

That the action of these delta-t ype streptococe! on blood agar 
is characteristic, and is not due to some environmental peculiar- 
is proven by the fact that they have been found present in 


ity, 
colonies of the alpha type in mixed cul- 


pl ites show ing t\ pical 
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ture. When isolated and replated in pure culture they have 
retained their characteristic action in blood agar plates through 
repeated generations. 

The morphological study was made from the water of conden- 
sation of an agar slant which had been incubated for twenty- 
four hours after inoculation with a typical deep colony picked 
from a blood plate. The surface growth on agar was frail, 
effused and filmy. The organism appeared as a Gram-positive 
micrococcus about 0.75 micron in diameter, in short chains 
varying from four to about fifteen elements and in irregular 
clumps. 

By reference to chart 1 it will be seen that of the four strains 
isolated, all acidified and coagulated milk, all were bile insoluble, 
and none fermented inulin, raffinose, or sucrose. They varied 
in their proteolytic action on milk and gelatin. 

We seem then, in these organisms, to be dealing with true 
streptococci which are of a type until now undescribed as to 
their behavior in blood agar plates. 


REFERENCE 


Brown, JAMEs Howaargp 1919 The use of blood agar for the study of strep- 
tococci. Monographs of The Rockefeller Institute for Medical Re- 
search, January 21, No. 9. 

















OLD STOCK CULTURES AS A SOURCE O] 
BACTERIOPHAGE 


W. L. MALLMANN 


Research Assistant in Bacteriology, Michigan Agricultural ¢ 
Received for publication May 23, 1924 


Attempts to determine the nature of bacteriophage have bee: 
numerous but inconclusive. Two explanations have been ad 
vanced, the first by d’Herelle who claims that the bacteriophag: 
is a living microorganism, parasitic upon bacteria; and the se 
ond by Bail and others who claim the lytic substance to be 
autolytic product liberated by the decomposition of the ba: 
terial cell. Considerable evidence in support of both theorie 
can be found in the literature. 

Bail (1921) reported the isolation of a lytie principle 


’ 
it 


three old broth cultures active against Flexner dysentery baci! 
Later Otto and Munter (1921) succeeded in 9 cases, in isolati 
a lytie principle active against members of the typhoid-dysent: 
group. These lytic principles were obtained from old brot! 
cultures of dysentery and typhoid bacilli, the age of which varied 
from three weeks to six months. 

Kuttner (1923) reported the isolation of a lytic principle fron 
a bacteriophage resistant stock strain of Bacillus typhosus whi 
was kept in flasks at 37°C. for four months and for two mont! 
at room temperature. Another lytic principle was isolated fro 
a two-months-old culture of Bacillus typhosus. This was active 
only against Shiga dysentery. This author also reported th 
a co-worker obtained a lytic principle from young broth cultures 
of staphylococci. 

Flu (1923) states that the bacteriophage is not a bacterial 
by-product, but a living parasitic organism. 

The writer has attempted to examine a series of the old stock 
strains of laboratory cultures that had been grown on artifici 
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media for a number of years. Many of these cultures have been 
in the laboratory for ten to twelve or more years without any 
invigoration by animal passage or other means during that time. 
A number of non-pathogens were included in this study as it 
was felt that if the lytic principle was merely a bacterial decom- 
position produc‘. it should be produced by non-pathogenic bac- 
teria as well as pathogenic. ¥y 

The organisms were planted in extract broth, pH 8.0, and in- 
cubated at 25°C. Smears on liver agar plates were made at the 
end of twenty days to determine whether or not the cultures were 
still alive and also to study the colonies produced with the hope 
of finding colonies undergoing lysis. With the exception of 
Vicrococcus tetragenus, all the cultures produced colonies. None 
of the colonies showed any signs of lysis. 

Later at the end of seventy-eight days incubation, smears 
were again made on liver agar. This time a large number of 
the cultures had died. Those that were still viable did not pro- 
duce any colonies suspected of containing a lytic principle. 

At six months, practically all of the cultures were dead. If 
the lytie principle is an autolytic enzyme, it would seem that 
these dead cultures ought to show its presence. Accordingly 
these cultures were filtered separately, first through a filter paper 
previously impregnated with diatomaceous earth and then 
through a sterile Berkefeld filter. Tubes of sterile broth were 
next inoculated with the same stock culture from which the fil- 
trate was originally prepared. The filtrate was now added to 
duplicate tubes in amounts of 1 drop, 2 drops and 2 cc. The cul- 
tures were incubated at 25°C. for twenty-four hours when read- 
ings were made. The cultures containing the filtrate were now 
filtered as before and again added to freshly inoculated tubes 
of the organism in question. This procedure was repeated four 
times. Four trials were made with the hope that any weak 
lytic principle that might be present would be invigorated and 
thus show its lytic action. 

The following cultures were examined in this manner: B. 
subtilis, B. megatherium, Rector 24 Bacillus, B. mesentericus, B. 
mycoides, B. ramosus, B. prodigiosus, Smoke 29, Bacillus, B. 
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aerogenes, B. violaceus, Ps. juglandis, B. cloacae‘ Ps. lucifera, 
B. carotovorus, Ps. pyocyanea, M. tetragenus, Msp. metchnikovi 
and Staph. aureus. One trial was made with Staph. aureus and 
Msp. metchnikovi, three trials with M. tetragenus and four trials 
with each of the other cultures. All results were negative. 

A culture of an old laboratory strain of Bacillus typhosus was 
incubated in broth at 37°C. for two weeks when an examination 
for lytic products was made. The filtrate from this broth cul- 
ture was tested against Bacillus typhosus, Bacterium dysenteriae 
(Flexner) Bacillus paratyphosus A, Bacillus paratyphosus B and 
Bacillus colt. In all cases negative results were obtained. Plates 
smeared from all of the tubes showed only the usual normal 
colony. 

To determine whether the medium used had any influence 
on the bacterial by-products produced, plain broth and peptone 
water were inoculated, using four different strains of B. typhosus. 
These cultures were incubated at 37°C. for thirty days when fil- 
trates were prepared and tested as usual against all four differ- 
ent strains of B. typhosus. All results were again negative. 

Cultures of B. typhosus and Bact. dysenteriae (Flexner) were 
incubated at 37°C. for two months and then examined for lytic 
principle, testing the filtrate against four different strains of the 
organism in each case. Negative results were obtained in all 
cases. 

On the other hand, these same cultures of typhoid and dysen- 
tery used were always acted upon by bacteriophage obtained 
from feces and other sources. 

The writer has obtained bacteriophage in one instance from 
a stock culture of B. typhosus, but this culture had been recently 
isolated and it is possible that the lytic principle was one of intes- 
tinal origin which had persisted in the culture. 
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The presence of granulated lactic acid bacteria in fermenting 
milk and in decoctions of cereal grains has been reported by 
various workers. These investigators have shown that the granu- 
lated bacteria represent a large group of organisms with certain 
well defined characteristics. All of the organisms of the group 
are gram positive rods, which grow best at temperatures above 
37°C. and which form large amounts of active lactic acid in the 
destruction of the sugars. \ccording to their occurrence, these 
organisms may be divided into two groups: first, the organisms 
commonly found in fermented milk which destroy lactose rapidly 
and produce high acidity in milk; second, the organisms found 
in fermenting mixtures rich in starch, which destroy lactose 
slowly and, after long incubation, may, or may not, curdle milk. 
It is this second group of the granulated rod forms found in 
fermenting starchy extracts of the cereal grain which is discussed 
in this paper. 

Of the various kinds of microorganisms active in the fermen- 
tation of cereal decoctions, none are more striking in appear- 
ance or more quickly detected than the granulated lactic acid 
bacteria. These organisms, when stained with thionin or methy 
lene blue, generally show the presence of distinct, round or oval- 
deep purplish-red bodies within the cell. Preparations from 
fermented milks (Diiggeli, 1906; Hastings and Hammer, 1909 
treated with methylene blue, thionin or Neisser’s stain often 
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show the presence of rod forms with granules somewhat similar 
to those of the diphtheria bacillus. Photographs of these or- 
ganisms from fermented milk are given in the reports of Kuntze, 
(1908) Heinemann and Hefferan, (1909) White and Avery (1910) 
and Orla-Jensen (1919); the plates in the last two papers are 
especially good. Under the name ‘“K6érnchenbacilli,” in Yog- 
hurt and Mazun, Luerssen and Kiihn (1908) and Kuntze have 
discussed at length the characteristics of this group of lactic acid 
bacteria. From these papers it appears that the formation of 
granules is variable, depending on conditions, such as the kind of 
medium, the age of the culture, and the temperature. In a study 
of the rod forms of the lactic acid bacteria from Yoghurt, milk 
and cheese, Barthel (1912) also noted that granulation is not a 
definite characteristic. In general the granules are most notice- 
able during the period of greatest activity. On the other hand, 
White and Avery consider granulation a valid point of differen- 
tiation and in their study failed to note any loss or gain in this 
character. Lehmann and Neumann (1920 b) have suggested 
‘the name Bacterium granulosum for this group of the ‘‘ Kérnehen- 
bacilli.” 

The presence of the so-called volutin granules or drops in 
bacteria from a totally different source, has been reported by 
Henneberg (1916) and by Thaysen (1921 

The former noted granules in the lactic acid bacteria of beer, the 
latter in starchy infusions of cereal grains. Thaysen gave this 
organism the name Bacterium volutans n. sp. Fleming and Thay- 
sen, but this name seems hardly justified; since first, the descrip- 
tion of this organism as given by Thaysen is far from complete; 
second, the occurrence of granules in lactic acid bacteria has been 
known for many years prior to the report of Thaysen, and third, 
granulation can hardly be ealled a fixed character but depends 
upon cultural conditions. In this connection the reports of 
Diiggeli, Kuntze, Luerssen and Kiihn, White and Avery, and 
Henneberg deserve special mention. 


The organisms described by Thaysen are in cultural charac- 
ters very similar to the bacteria studied by Henneberg, (1903, 
1909), and by Steenberge (1920), and are no doubt closely related 
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to the lactic acid bacteria known as La tobacillus delbriichki on 
Lactobacillus cereale (Orla-Jensen). From a review of the papers 
cited it is at once noted that the presence or absence of granules 
ean scarcely be used as the main point to constitute a new and 
distinct species. 

The organism described in the present paper would, accord- 
ing to the classification of the American Society of Bacteriolo- 
gists, be designated as Lactobacillus lev hmannt n. sp. Henne- 
berg). 

The results here reported include a study of the structure ot 
this organism, and of its general cultural characters as well as 
its qualitative and quantitative fermentation of various sugwrs 
and related compounds. 

In order to become familiar with the general distribution of 
this group of lactic acid bacteria, a large number of cultures were 
isolated from various decoctions of fermenting cereals. The 
medium consisted of 0.25 per cent glucose in starch-free yeast 
water agar. On this substratum, the granulated bacteria de 
velop rapidly, forming within twenty-four hours small pin pointed 
colonies which do not show any great increase in size on longe! 
incubation. Cultures obtained in this way are rarely pure and 
should be replated several times. 

From 50 pure cultures isolated from various sources, four were 
selected for detailed study. These were designated as cultures 
A, B, C, and D. Although these cultures exhibit slight differ 
ences in rate of growth, size of colony, amount of aeid formed and 
degree of flocculation, it is thought that these variations are not 
great enough to warrant a division into separate species The 
most important characters of this group follow 


GENERAL CHARACTERISTICS 


Morphology. Size 0.6 to O.Su wide by 2.0 to 4.0u long. Rods 
occur singly, in pairs, or in threads of three or more cells and 
frequently 50u long. Rods may be straight or slightly curved 
with rounded ends. The long threads are frequently curled. 


ru 


The cells of young cultures in which the organisms are growi! 
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rapidly are for the most part, single or in pairs. In old cultures 
there is usually a wide variation in form; sometimes very long 
and swollen threads are found. 

Staining Reaction. Readily stained with the usual dyes. 
Young cultures, fifteen to twenty-four hours old, stain easily 
with thionin or methylene blue and show a distinct differentia- 
tion in the protoplasm of the cell. With Neisser’s or Albert’s 
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stain, the granules are intensely colored. The cell wall appears 
blue and the granules a deep blue black or purplish red. The 
oval bodies or granules within the cell appear to be wider than 
the cell, and usually occur at each end of the rod. In some cases 
a third granule is found in the center. The shape and size of 
the granules depend to a great degree on the nutritive substance. 
This difference in the shape and size of the granules is clearly seen 
from figures 1 and 2. Although of the same age the granules in 
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the milk culture are decidedly different in shape ‘and size from 
those in the glucose yeast water culture. The age as well as the 
kind of medium influence the formation of granules. ‘Twenty- 
four hour corn mash cultures usually show long chains or threads 
which consist of many cells with granules. In the old cultures 
the granules are not so apparent. 


Fic. 2. Cutture B. A Twenty-Four-Hour CuLtture 1x MILs S1 


WITH THIONIN x 1200 


Although it is beyond the scope of this paper to discuss the 
nature of these metachromatic bodies, it was noted that a sus- 
pension of this organism in water, heated to 80°C. for ten minutes 
fails to show granules. This loss of granulation or dissolving 
of the metachromatic granules in hot water agrees with the work 
of Meyer (1912). Mounts of twenty-four hour cultures, stained 
with thionin or fuchsin, showed beautiful granules before the 
heat treatment and afterwards no trace of granulation. 
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In unstained preparations prepared with nigrosin, the organ- 
isms stand out beautifully against a dark background. Mounts 
prepared in this way fail to show any granulations within the 
protoplasm. 

Spores. None. 

Capsules. None. 

Flaqe lla. None. 

(7ram stain. Positive. 

Oxygen. Facultative anaerobic. Growth best under anaero- 
bic conditions. 

Glucose yeast water. No membrane, no gas, distinct clouding 
throughout and later a deposit. 

Glucose yeast water agar stab. Growth along line of stab. 
Papillate. 

Glucose beef peptone agar. \ scanty growth along the stab. 
No surface growth. 

Glucose yeast water agar colonies. Small pin point colonies 
which do not inerease in size after longer incubation. The 
structure of the colony is similar to that of B. anthracis (Lehmann 
and Neumann, 1920a 

Glucose yeast water agar slants or streaks on Petri dish. \ flat 
small whitish colony. 

The surface colonies show under low magnification a mass of 
curled filaments projecting from the edge, usually in the form of 
parallel strands of hair-like lashes. Figures 3 and 4 are photo- 
graphs of the margin of a twenty-four hour colony on glucose 
yeast water agar. Excellent photographs of this type of colony 
are shown in the report of Avery and White (1910). 

The sub-sirface colonies appear as minute wooly tufts with a 
margin of hair-like processes which radiate from the center. 
Although not confined to this one strain of lactie acid bacteria, the 
hair-like lashes from the margin of the surface colony are of some 
diagnostic value. Petri dish cultures after one or two days have 
a decided acid odor. 


Glucose yeast water gelatin stabs. No liquefaction after six 


weeks incubation. 
Potato. No growth. 

















GRANULATED 





LACTIC ACID BACTERIA FROM CEREALS ot) 

Litmus milk. Acid and curdled in from ten tS twenty days 
at 37°C. Curdling begins at the bottom of the tube first. Re- 
duction of litmus after curdling. The curd is smooth, without 
gas bubbles or whey on top. Aiter five weeks white granules 


uv 
~ 


are found on the surface of the eurd. 





Fic. 3. Cuttrure B \ Twenty-Four-Hovur Cotros 5 
PEPTONE AGAR 100 
Reduction of methyle he blue. (;lucose veast wiatel medium 


containing (1 to 200,000) methylene blue is completely reduced 
in about five hours. 
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Glucose yeast water plus nitrate. Nitrate is not reduced. 

Glucose yeast water plus sulphate. No reduction of sulphate. 

Indol. Not formed. 

Catalase. Negative. 

Thermal death point. Not killed at 65°C. in ten minutes. 
Killed at 75°C. in ten minutes in a neutral medium. 
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4, CuLiture ¢ Cwenty-Four-Hour CoLonies oN Giucose YEAST 


WaTeER AGAR Xx 5O 


Reaction. Optimum about pH 6.5. Growth range pH 4.0 
to 8.0. 

Acid formed. Mainly active lactie acid, which is laevo 
rotatory. 

Pathogenicity. Nonpathogenic to rabbits. 

Agglutination. Immune serum from rabbits agglutinates in di- 
lutions of 1: 100, 
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Temperature relation. Minimum 20°C. maximum 50°C. opti- 
mum 45°C. No growth after fifteen days at 12°C. 

Comparison of growth at different temperatures. It has been 
pointed out by Henneberg, Orla-Jensen and others that the lac- 
tic acid bacteria from mash may be arranged in groups according 
to the temperature most favorable for growth. In an attempt 
to measure the temperature relation of these organisms two meth 
ods were used: (1) growth in agar stabs, (2) growth as shown by 
rate of acid production. 

The results of the agar stab cultures are given below: 


l Pea 





AFTER | DaY AFTER 2 DAYS arTer 5 DaYs 
At 20°C... | No growth No growth | Poor 
At 28°C Fair Good Good 
At 38°C 1 Good Good Good 
At 45°C...... ; ‘ Excellent Excellent Excellent 


At 50°C ied Fair Good Good 


Growth, as measured by rate of acid production from glu- 
cose was the object of the next test. For this purpose cultures 
of all four strains were inoculated into 100 cc. portions of a 2 per 
cent glucose yeast water medium and kept at different tempera 
tures. At varying intervals, a portion of the culture was re- 
moved with a sterilized pipette and titrated. The results o! 
the acid formation from glucose are shown in the figures of table 
1. A marked similarity was noted between the titration figures 
of the different strains, and hence only the data for culture B are 
given. Each figure of the table is representative of at least four 
parallel titrations. The results confirm those of former tests 
and show clearly that the high temperatures, 40°, 45°C. or above, 
favor the production of acids. On the other hand, low tempera- 
tures, 18° and 28°, are unfavorable and result in a very meager 
acid production. 


FERMENTATION CHARACTERS 


One per cent of the various carbon compounds in yeast water 
was tubed in portions of 10 ce. each. After sterilization, four 
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to six parallel tubes were inoculated with each strain of the lac- 
tic acid bacteria. The cultures were then incubated at 38°C. 
and at intervals of five, seven and ten days, the titratable acid 
and residual sugar (Shaffer and Hartmann 1920-1921) were de- 
termined. Repeated tests failed to show any increase in acid 
after seven days incubation. 

According to the amount of acid formed in the absence of a 
neutralizing substance and the amount of sugar fermented, these 
substances may be arranged in two groups. The most readily 
fermented compounds are given first. 








A. FERMENTED B. NOT FERMENTED 








| 





Fructose Arabinose 
Glucose Xylose 
Mannose Rhamnose 
Maltose Melebiose 
Trehalose Melezitose 
Sucrose Sorbitol 
Salicin Dulcitol 
Galactose Starch 
Dextrin Inulin 
Lactose 

Manna flakes 

Raffinose 

Mannitol 

Glycerol 

Amygdalin 


a methyl glucoside 





Repeated tests show that it is difficult to draw a very definite 
and fixed line between these various groups. It is probable that 
some of the compounds placed in Group B, are attacked to a 
slight degree. 

A much better idea of the fermentation of the more avail- 
able compounds is shown in the figures of table 2. Here the total 
acidity and the percentage of sugar consumed are given. With- 
out the presence of a neutralizing agent the lactic acid bacteria 
attack many of the sugars and related compounds vigorously, 
producing a marked acidity. Of the various compounds fer- 
mented, fructose, glucose, mannose, maltose and trehalose yield 
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TABLE 1 
Effect of temperature on rate of acid production 


0.1 ~ acid in 10 cc. of culture 





CULTURE B 


TIME | 
20°C. 28°C 40°C 45°C 
hours ec ce ec ec 
0 
& 0.2 0.5 ee 
16 0.3 1.9 3.0 
24 0.1 0.8 3.3 4.3 
32 0.1 1.0 4.0 4.8 
40 0.2 ea 4.7 4.9 
56 0.5 1.4 5.3 5.2 
72 0.6 1.4 5.3 5.2 
168 0.7 1.5 5.4 8 


| 
| 
| 


TABLE 2 


The fermentation of various sugars and related compu 


Incubated for seven days at 37°C 


CULTURE A CULTURE ¢ 


CARBON COMPOUND 
in lee fer- in l0 ce fer 


culture | mented | culture | mentec 


ce per cent ce per cent 
Glucose 5.1 51 3.1 26 
Fructose 5.5 56 §.2 44 
Mannose 5.1 47 2.5 21 
Galactose 4.2 31 2.0 13 
Trehalose 4.1 33 3.5 19 
Sucrose 3.6 23 3.3 26 
Maltose 5.3 39 4.7 27 
Lactose 3.3 10 1.7 3 
Milk . 1.8 | Trace; 0.5 5 
Raffinose 2.2 17 2.4 15 
Mannitol 1.6 1.8 
Dextrin 2.6 3.2 
Salicin 3.4 8 
Esculin 2.8 3.3 





O.1lnacid) Sugar 0.1 Nacid) Sugar 
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50°C 
ec 
0.9 
2.0 
3.5 
3.7 
3.5 
3.8 
3.8 
4.5 
CULTURE D 
N a Ug 
10 « fer 
1 mer 
per 
7.5 66 
7.4 65 
6.5 59 
2.0 15 
7.4 49 
6.8 49 
7.0 53 
1.8 | Trace 
0.5 y 
3.6 » 
29 
3.7 
5 6 
3.1 
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the highest acid and consequently the highest percentage of sugar 
consumed. In spite of the fact that the organisms of this group 
are in the main acid formers, the figures of table 2 indicate clearly 
the advantage of combining the sugar analysis with the titrat- 
able acid measurement from the same culture. Titratable acid 
alone without additional determinations may lead to erroneous 
conclusions concerning the fermenting power of a given organism. 

If the activity of the various cultures is compared, it will be 
seen that there are certain differences. Cultures A and B are 
quite alike and hence only the results for culture A are given. 
Culture D is uniformly more vigorous than the other strains in 
its attack on the carbon compounds except in the case of lactose. 
A possible explanation may be found in the difference in age of 
the cultures on artificial media. The two cultures A and B have 
been carried in the laboratory for almost two years while culture 
1) was freshly isolated from acid wort. Culture C is different 
from the other three in that it makes a more abundant growth on 
solid media and does not ferment the sugars as vigorously as the 
other cultures. 

For the diagnosis of these lactic acid bacteria, fructose, treha- 
lose, maltose, salicin, dextrin, galactose and lactose are of special 
value. The pentose sugars are not attacked and of the four 
hexoses, galactose is the least fermented. 

The quantitative data which follow give the main products 
of the fermentation. 


THE FERMENTATION OF GLUCOSE, GALACTOSE, MANNOSE, FRUCTOSE 
AND MILK 


Quantitative fermentations were carried out with cultures 
\ and B. The results show that these cultures are true lactic 
acid producing organisms. Other products are insignificant 
\leohol, carbon dioxide, and volatile acid are found only in 
traces, hence the major reaction must be one in which the hexose 
molecule is cleaved into two equal parts. Lactose is attacked 
slowly, and is only partially destroyed in fifteen days. Glucose, 
fructose, galactose and trehalose are almost completely fermented. 
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It appears difficult for the organism to hydrolyze lactose. Trisac- 

charides show very little destruction, and their hydrolysis must 

present an even greater difficulty. 

It was decided to limit the quantitative fermentations to glu- 
cose, fructose, galactose, and lactose since these sugars include 
all the monosaccharides obtained from the disaccharides and 
trisaccharides fermented by this organism. Quantitative or- 
ganic analysis of bacterial cultures is always very difficult to 
adjust to an accurate basis. Minor discrepancies cannot well 
be eliminated. The type of fermentation flask and the methods 
of analysis were essentially those described in previous work 
(Fred and others, 1919, 1921). Extract of yeast containing about 
80 mgm. of nitrogen per 100 cc. and adjusted to a pH of 6.8 pre- 
vious to sterilization constituted the nitrogenous base in which the 
fermentation was conducted. An equal amount of yeast water, 
uninoculated, was analyzed for the control. These were sub- 
tracted from the corresponding figures of the fermented cultures. 
To avoid decomposition, the sugars were sterilized in 12 per 
cent water solutions and added to the yeast water. Carbon 
dioxide was absorbed in 30 per cent KOH. To neutralize the 
acidity sterilized 1 n NaOH was added from time to time in the 
presence of brom cresol purple or excess sterilized CaCO; was 
added. 

Fermentation products. The weight of sugar fermented and 
the quantity of products formed are given in table 3. The data 
show practically complete fermentation of glucose and fructose 
and from 70 to 90 per cent destruction of lactose and galactose 
respectively. In the case of milk, one-half of the sugar was de- 
stroyed. Accumulation of end products of metabolism and a 
somewhat unsuitable sugar are probably the main factors which 
check the fermentation at this point. 

The chief fermentation product is lactic acid. This acid 
represents from 90 to 95 per cent of the sugar destroyed. The 
quantity of volatile acid, probably acetic, is small; at most not 
more than 5 per cent of the sugar. The carbon dioxide produced 
by the organism is about 20 mgm. per gram of sugar destroyed 
and is evidently not a direct fermentation product but arises 
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from the respiration of the cells. Only traces of alcohol were 
found in the cultures; about 10 mgm. per 100 cc. for the mono- 
saccharides and 35 mgm. for lactose. The above products 
account for approximately 95 per cent of the sugar fermented. 
Sodium hydroxide or calcium carbonate seem to be equally 
satisfactory as neutralizing agents. 


TABLE 3 
Total fermentation products from sugars 
Calculated for 100 ce. of culture 














SUGAR = 5 } | © 

«| » ——i oi eet oe | @1 § 

aa ae BUGAR | — ; 38 aé 2S | E | > 
p2/ os coe sc | e232] 88) 28 | 8 
B| 6 | |e | 32] 88] es | cf | sf 
o < faa] 63) > | 2 | So x ae _s 
days | grams grams grams grams grams grams grams 
A | 16 | Glucose NaOH | 1.850) 0.027) 0.021] 1.720) 0.055) 1.807) 1.823 
B | 16 | Glucose | NaOH | 1.850) 0.025) 0.016) 1.704) 0.063) 1.793) 1.825 
A | 29 | Glucose | CaCOs | 1.635) 0.330) 0.000) 1.253) | 1.253) 1.305 
B | 16| Fructose | NaOH | 1.677) 0.069) 0.063) 1.442| 0.021| 1.526) 1.608 
A | 13 | Fructose CaCO, | 1.581| 0.116) 0.000) 1.440 1.440) 1.465 
B | 20| Galactose | CaCO, | 1.709) 0.222) 0.051) 1.390 | 1.441) 1.487 
B | 15 | Lactose | NaOH | 1.706) 0.535) 0.065) 1.014/ 0.019) 1.098) 1.171 
A | 13 | Lactose | CaCOs | 1.725) 0.569) 0.000) 1.065 | 1.065) 1.156 
B | 22 | Lactose in | CaCO, | 4.420) 2.167) 0.000) 1.917 | 1.917) 2.253 

skim milk 


TYPE OF LACTIC ACID PRODUCED AND WATER OF CRYSTALLIZATION 
OF ZINC LACTATES 


The type of lactic acid produced is conveniently determined 
by making the zinc salt from the barium lactate and determining 
its water of crystallization. The active lactic acid salt crys- 
tallizes with two molecules of water whereas the inactive carries 
three molecules of water. Both salts are readily dehydrated 
at 105°. Table 4 gives the results of this work. 

The results of the crystallizations show that this organism 
forms active lactic acid regardless of the kind of sugar. To 
determine whether the active lactic acid was dextro or laevo 
rotatory, 1.031 grams of anhydrous zinc lactate was dissolved 
in 25 ec. of water and the rotation observed through a 200 mm. 
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‘ 
tube at 22°C. A reading of +1.76° on the Ventske scale was 
obtained which gives a specific rotation of +7.40. Hoppe- 
Seyler and Araki (1895) give +7.52 as the specific rotation of 
laevo zine lactate. Since the rotation of the zine salt is the 
opposite of the free acid it is evident that this culture of L. 
leichmanni produces laevo rotatory lactic acid. 


TABLE 4 
Water of crystallization of zinc lactates from various sugars 
poet SUGAR CROP WEIGHT OF SALT EATING AT - ei ALLiza- 
rams grams per cent 
B Glucose 1 0.4300 | 0.0552 12.84 
B Glucose 2 1.6704 0.2149 12.86 
B | Glucose 3 0.3124 0.0402 12.87 
A Glucose 1 1.4771 | 0.1910 12.93 
A | Glucose 2 0.9232 0.1182 12.80 
B | Fructose 1 1.3973 0.1808 12.93 
A | Fructose 1 1.0904 0. 1420 13.02 
B | Galactose 1 | 2.0286 0. 2634 12.98 
B | Lactose 1 1.3276 0.1716 12.92 
A | Lactose 1 0.9504 0. 1227 12.91 
B | Lactose in skim | 1 2.1112 0.2730 =| 12.93 
| milk 
B | Lactose in skim | 2 0.6738 0. 0882 13.09 
| milk 
B | Lactose in skim | 3 0. 4306 0.0571 13. 26 
| milk 





* Theory for Zn (C;H;O;): + 2H,O — 12.89 per cent water. 


CONCLUSIONS 


1. The granulated high acid forming bacteria of cereal in- 
fusions have been isolated and their cultural characters 
described. 

2. These organsims are closely related to the high acid forming 
bacteria known as Lactobacillus delbriicki. Their cultural char- 
acters and fermentation reactions place them in the species 
described by MHenneberg under the name _ Lactobacillus 
leichmant, 
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3. Glucose, fructose, and mannose are readily fermented. The 
fermentation of galactose is somewhat slower. . Disaccharides 
are attacked to a lesser degree, and trisaccharides are scarcely 
consumed at all. Considerable acid is formed from glucosides 
and from dextrin. 

4. Lactic acid is the major product of the fermentation. Only 
traces of volatile acid, alcohol, and carbon dioxide are found. 
The lactic acid produced is active and lalvo rotatory. 
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INTRODUCTION 


In spite of the fact that the discovery of tellurium dates back 
to the latter part of the eighteenth century, no extensive practi- 
cal use for the element or its compounds has as yet been found. 
Although it is properly classed as one of the rarer elements, com- 
paratively large amounts of it could be recovered from flue dust 
and electrolytic slimes, if a demand existed. 

The proximity of tellurium to sulfur, arsenic, and the halogens 
in the periodic table would suggest that its compounds might be 
poisonous and bactericidal in nature. Such has been found to be 
the case. The compounds which have been tested out so far as to 
their germicidal powers may be put in two general classes, i.e., 
the alkali salts of tellurous and telluric acids (Cavazutti, 1921; 
Lehmann, 1923; Joachimoglu and Hirose, 1920, 1921, 1922; 
Davis, 1914) and the tellurium derivatives of certain aliphatic 
B-diketones (Morgan, Drew with Cooper, 1922; Morgan, Cooper, 
Burtt, 1923). Tellurites are much more toxic than tellurates, 
and are especially active against bacteria of the colon-typhoid 
group. The resistance of an organism seems to be proportional 
to its power to reduce the tellurite to elementary tellurium, which 
is non-toxic to bacteria. The tellurium derivatives of the ali- 
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phatic B-diketones are reported to have remarkable bactericidal 
and inhibitory powers. 

The work which has been done indicates that tellurium com- 
pounds possess germicidal action, in some cases to a marked 
degree. The present investigation was undertaken with the pur- 
pose of still farther exploring this field and perhaps finding some 
compound of tellurium which would be equal or superior to some 
of our common disinfectants in efficiency without being prohibi- 
tive in cost. 


DISCUSSION 


It was considered desirable to try a compound containing 
tellurium as the positive part of the molecule, since no such salt 
had yet been investigated. Tellurium dioxide is more acidic 
than basic in its properties and, consequently, salts formed by 
the union of TeQy with acids, even such strong acids as nitric 
and hydrochloric, hydrolyze when the solutions are diluted, this 
process being hastened by the insolubility of tellurous acid as 
well as its weak ionization. For this reason, it was somewhat 
difficult to find a salt, in which tellurium played the part of the 
positive ion, which would be stable in the presence of water. 
Tellurium acid tartrate proved to be the most practical salt of 
this nature, as it was easy to make and showed no hydrolysis 
upon dilution. Since tellurium has a high atomic weight, 127.5, 
as compared with 107.88 for silver, it was thought that such a 
compound might have a bactericidal effect similar to silver citrate 
or lactate, both of which are used as disinfectants. Hageman 
(1919) gives an account of the preparation of this compound by 
prolonged heating of TeO, with a saturated solution of tartaric 
acid; this method was followed in the present investigation. 
Metallic tellurium was treated with nitric acid and the solution 
evaporated to dryness, the process being repeated until the metal 
had apparently all been converted to the dioxide, a white res- 
idue. In some cases this residue was a dirty white, indicating 
that some of the tellurium was not oxidized. In order to get pure 
tellurium dioxide, it was necessary to treat this residue with 
NaOH, filter, and precipitate the dioxide by means of an acid. 
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When dilute nitric acid was carefully added, the dioxide separated 
as a fine, white, crystalline precipitate, which settled rapidly; 
it was filtered off, washed repeatedly, and dried to constant 
weight. Assuming that the reaction would proceed as follows: 


TeO, + 4H.C,H,O-¢ = Te(HC HA Ye 47 2H,0 


the amounts of the reacting substances, necessary to form 5 grams 
of the acid tartrate, were weighed out; to this mixture was added 
sufficient water to form a 5 per cent solution of the tartrate, and 
the whole was shaken without heating until the reaction was com- 
plete and a clear solution obtained; this solution showed no 
hydrolysis upon further dilution. 

Although a very large number of organic tellurium compounds 
have been prepared, very few have been tried out as to their 
bactericidal effects; those which have been tested have been 
found to be efficient in this respect. In a recent article by Howard 
and Stimpert (1923) some experiments are described, which were 
carried on forthe purposeof comparing the antiseptic action of ani- 
line, zine chloride, and the zine chloride salt of aniline; the latter 

yas found to exceed each of its constituents in disinfecting power. 
A glance at the formula of this compound (C,H,;NH,).ZnCh, 
at once suggested the idea that similar compounds of tel- 
lurium should have equal or greater bactericidal action, since 
tellurium salts are in general better germicides than zine salts. 
Many tellurium compounds of this sort have been prepared 
(Lowy and Dunbrook, 1922). <A definite amount of diethylamine 
ras dissolved in dilute hydrochloric acid, and this solution was 
then added to a known excess of tellurium dioxide dissolved in 
hydrochloric acid, the latter being kept at sufficient concentra- 
tion to prevent the separation of any TeO.. Upon standing over- 
night, yellow crystals of diethyl ammonium tellurchloride, 
[(C.H;),NH],H:TeCl, separated; these were filtered off, washed 
with ether, and dried. The aniline compound was prepared in 
an analogous way. The difficulty, which presented itself in the 
trial of these compounds as bactericides, was to find a suitable 
solvent. Water hydrolyzed them with the formation of tellurous 
acid; 95 per cent alcohol had the same effect; acetone dissolved 
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them but the subsequent addition of water caused hydrolysis. 
However, the aliphatic compound dissolved slowly in glycerol 
and this glycerol solution could be diluted with water, without 
the separation of tellurous acid. The stock solution contained 
1 per cent of the diethyl ammonium tellurchloride, 30 per cent 
of glycerol, and 69 per cent of water. The aniline compound, 
on the other hand, showed very slight solubility in glycerol, 
and hydrolyzed upon addition of water, so it was not tried out 
as a disinfectant. 

The wide use of silver salts as disinfectants and the marked 
bactericidal powers of the tellurites suggested the idea that 
perhaps silver tellurite would combine the properties of the two 
and exceed either in germicidal effects. In a rather comprehen- 
sive article on the metallic tellurites, Lenher and Wolesensky 
(1913) discuss the preparation of silver tellurite. In the pres- 
ent investigation it was prepared by adding the correct amount 
of silver nitrate to a solution of sodium tellurite, made by mixing 
a water suspension of TeO, with just enough NaOH to dissolve 
it. The silver tellurite separated as a pale yellow precipitate, 
which showed no change in color when dried and allowed to 
stand. Since, like all the heavy metal tellurites, it was insoluble 
in water, it was dissolved in ammonium hydroxide, forming silver 
ammonio-tellurite, and the latter was tried out as a disinfectant; 
the stock solution contained 1 per cent of the [Ag (NHs3)2].TeOs. 

Iodine and its compounds have long been recognized as re- 
liable disinfectants. Tellurium forms at least one well-defined 
iodide, Tel, (Hopkins, 1923). If potassium iodide is added to 
a solution of TeO, in hydrochloric acid, a black precipitate of 
tellurium tetraiodide forms immediately but dissolves upon fur- 
ther addition of potassium iodide to form a deep red solution of 
the double iodide, K:Tels. A solution containing one part of the 
double iodide to thirty parts of solution was made up in this 
way. It showed no change on standing and could be diluted 
indefinitely. 

Although the determination of phenol coefficients is not 
wholly satisfactory as a method for comparing disinfectants, it 
is the best means as yet devised for this purpose. The phenol 
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coefficient is obtained by dividing the figure indicating the 
degree of dilution of the disinfectant that kills an organism in 
a given time by that expressing the degree of dilution of phenol 
that kills the same organism in the same time under exactly simi- 
lar conditions. The method used in the present work was analo- 
gous to the Hygienic Laboratory Method of Anderson and 
McClintic (Tanner, 1919). 

In this investigation four test organisms were used, Bacterium 
coli, Bacterium typhosum, Staphylococcus aureus, and Bacillus 
anthracis (spores). In the case of the first three, twenty-four 
hour broth cultures were used, the culture having been carried 
over every twenty-four hours for three successive days using one 
4-mm. loopful for the inoculation in each case. The anthrax 
cultures were grown for several days on agar slants until micro- 
scopical examination showed the presence of large numbers of 
spores. The growth was then washed off with physiological salt 
solution into a sterile flask and the vegetative cells killed by sub- 
jection to a temperature of 70°C. for fifteen minutes, leaving a 
suspension of spores only. By plating out dilutions of 1:100, 
1:10,000, and 1:1,000,000 this suspension was standardized, 
and found to contain 30,000,000 spores per cubic centimeter. 

By the use of sterile pipettes, sterile tubes, and sterile distilled 
water, the desired dilutions of the trial disinfectant solutions 
were made up, and exactly 5 ce. of each dilution placed in tubes 
to be later inoculated with the test culture. After the dilutions 
had all been made and the broth tubes for subcultures were in 
readiness, the broth culture of the particular organism was added 
to the disinfectant solutions with a sterile pipette in the pro- 
portion of 0.1 to 5 ec. of each dilution, and the tube was gently 
shaken several times. Plain broth subcultures were then made 
by means of a 4 mm. loopful from each dilution at the end of five, 
ten, fifteen, and twenty minutes. After incubation at 37°C. 
for forty-eight hours, the tubes were examined for growth as 
shown by cloudiness in the broth; in cases of doubt, agar plates 
were made from the tubes and examined for growth after incu- 
bation for forty-eight hours. 

This method of determining phenol coefficients makes no 
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allowance for organic matter, the presence of which greatly re- 
duces the efficiency in the case of some disinfectants. For this 
reason tests were carried out to ascertain to what extent the ger- 
micidal effect of the various test solutions was influenced by the 
presence of organic matter. It was arbitrarily decided to add 
2.5 ec. of plain broth to 2.5 ec. of each dilution of the disinfectant, 
which was made double the desired strength to allow for the fur- 
ther dilution when an equal volume of organic matter was added. 
To this mixture of disinfectant and plain broth, which had a 
total volume of 5 cc., 0.1 ec. of a twenty-four-hour broth culture 
of Bacterium coli was added, and the tubes were then incubated 
at 37°C. for forty-eight hours, at the end of which time any growth 
was shown by the cloudiness of the broth. 


RESULTS 


The results of this investigation may be briefly summed up 
as follows: 

1. The table below shows a comparison of phenol coefficients 
in the absence of organic matter. 





| | 
BACT, COLI BACT. TYPHOSUM) STAPH. AUREUS 
| | 





2.50 | 6.25 | 0.18 
(CyHs),.NH;H,TeCl, Trrrrerrrrere eee | 6 12 | | 
oe clea sldee Sn cienanatie Rtgs 212.50 | 218.75 | 363.63 
{Ag(NH;j)shTeOy..... Hel diveasSacexs eee | 9375.00 | 909.09 


Pa oh ded bis bs deed edule cas sees | 625.00 | 11562.50 13636. 36 


2. In order to kill anthrax spores a twenty minute exposure 
to silver ammonio-tellurite, 1:300, to silver nitrate, 1:500, and 
to potassium iodotellurite, 1:40, was required. 

3. In the presence of organic matter, the results indicate that 
silver ammonio-tellurite is effective against Bacterium coli in a 
dilution of 1:300,000, while silver nitrate ceases to be effective at 
1:50,000. Potassium iodotellurite under the same conditions is 
greatly reduced in efficiency and must be present in a concen- 
tration of 1:2000 to kill Bacterium coli. Tellurium acid tartrate, 
however, seems to be effected but slightly by organic matter. 
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Although silver nitrate has a higher phenol coefficient than 
silver ammonio-tellurite against some organisms in water sus- 
pension, the fact that the latter is more effective in the presence 
of organic matter would tend to equalize this difference. The 
potassium iodotellurite is a promising compound, for wound and 
skin disinfection; it gives a yellow color to the skin, indicating 
the liberation of free iodine. Tellurium acid tartrate, while quite 
effective against Bacterium coli and Bacierium typhosum, seems 
to be rather weak against the coccus form; in order to kill the 
latter a 5 per cent solution would be necessary. 


SUMMARY 


1. As a disinfectant in the absence of organic matter, tellu- 
rium acid tartrate is more effective than phenol against Bacterium 
coli and Bacterium typhosum, but less effective against Staphylo- 
coccus aureus. 

2. Diethyl ammonium tellurchloride is superior to phenol when 
used against Bacterium coli with no organic matter present ; how- 
ever, the ease with which it hydrolyzes reduces its practical value. 

3. Potassium iodotellurite has a high phenol coefficient against 
Bacterium coli, Bacterium typhosum, and Staphylococcus aureus, 
in the absence of organic matter. 

4. Silver ammonio-tellurite has a still higher phenol coefficient 
than potassium iodotellurite against the same organisms and un- 
der the same conditions; silver ammonio-tellurite has about 
the same disinfecting power as silver nitrate. 

5. Against anthrax spores silver ammonio-tellurite is slightly 
less effective than silver nitrate; potassit.m iodotellurite is much 
less effective. 

6. The disinfecting power of silver ammonio-tellurite is greater 
than that of silver nitrate in the presence of organic matter, 
using Bacterium coli as the test organism; potassium iodotellurite 


is greatly reduced in effectiveness by organic matter, while 
tellurium acid tartrate is not. 

7. The potassium iodotellurite and the silver ammonio-tellurite 
seem to be most promising, the latter comparing favorably with 
silver nitrate as a disinfectant. 
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BIOLOGICAL INVESTIGATION OF PEAT 
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Massachusetts 
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INTRODUCTION 


Some general statistical material is offered in this paper along 
with our biological studies of peat? because it establishes the 
pertinency of the work. 


USES OF PEAT 


The uses of peat, so far as known to the author, are shown 
diagrammatically in figure 1. 

In the United States of America peat is used chiefly as a 
fertilizer. This is shown in table 1. Compare this table with 
table 2 which gives the production of peat. 


DISTRIBUTION AND QUANTITY OF PEAT IN THE UNITED STATES 


The distribution of peat deposit is given approximately on the 
map (1918 United States Geographical Survey, 11:15) in figure 2. 
The amount of peat figured on air dried bases in the United 


1L. J. Fitzpatrick and E. Tanner have assisted the author in some of the 
tests. 

? The word, peat, as used throughout this paper is defined by A. P. Dach- 
nowski, Bull. 802, Bureau of Plant Industry, U. 8. Dept. of Agr., p. 10, December, 
1919: ‘‘Peat is an accumulation of plant remains in various stages of disintegra- 
tion or maceration, laid down in a definite manner according to imposed modify- 
ing field conditions. For statistical purposes and for reasons of common scientific 
interest the use of the term ‘peat deposit’ should be limited to an accumulation of 
at least 8 to 10 inches (20 to 25 cm.) in thickness when compact and well shrunk. 
In this accumulation the surface layer of living native vegetation or deposits 
containing more than 40 per cent of mineral matter must not be included.” 
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TABLE 1* 


(AL) 


Peat used in manufacturing fertilizer in the United States, 1915-1919 





| eo VALUE | em 
38,304 $258, 447 | $6.75 

48, 106 336,004 6.98 
92, 263 658,500 | 7.14 
79.573 775,313 9.74 
54,690 557 10.19 


* U. 8S. Geological Survey, 11: 4, p. 41, 1919. 


YEAR 


1915 
1916 
1917 
1918 
1919 


e1r a 7..1 
U.S. Geolog 


TABLE 2* 


240 








Peat produced in the United States, 


NUMBER OF PLANTS | 
REPORTING 


QUANTITY 


(SHORT TONS) 


1915-1919 


rE 3E PRICE 
VALUE AVERAGE PRI 


} 
ical 


4g 
13 
18 


15 


Survey, 11:4 p. 


42,284 
52,506 
97 , 363 
107 , 261 
69,197 


41, 1919. 





PER TON 
$288 , 537 $6.82 
369,104 7.03 
709,900 7.29 
1,047,243 9.76 
705, 532 10.20 
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States has been estimated by E. K. Soper® and others to be about 
13,826,000,000 tons. It is distributed as follows: 


tons 
cic cncdendnndevenbscenndeueeegeuween 11,053,000, 000 
IR in o:deceeccccecewsdncs doce sweune 2,701 ,000, 000 
ccc cckaccdbeeuannwe rctiwassth ens waeenses 72,000, 000 
i .ssrditneheciesdseettwbawenwdwencetanneeetGnel 13,826,000, 000 


PRODUCTION OF PEAT IN THE UNITED STATES 


The total production in the United States during the years of 
1915 and 1919 inclusive is diagrammatically illustrated in figure 3.‘ 

In Massachusetts, the output of air dried peat in 1918 
amounted to 18,500 tons, valued at $160,200.° 


CHEMICAL COMPOSITION OF PEAT 


The chemical composition of peat varies widely according 
to the types and the conditions under which it is found. The 
general composition,’ however, may be illustrated as follows 
(air dried bases): 


2) <. ce suithas dete kb vk wen eda irniecbde seb ane dnba mine 59.50 
tte ttndvineadenihessiededsl eiarinedvekeneaei 5.50 
ERIE ESE Se, See emo a eee ee Ee aE 33.00 
NG) ipacceke cid Make eNeet ed aba elaenieddeasadeennnn wes 2.00 


(Ash omitted) 


The peat which we used in our investigation came from 
Lexington, Mass. and was found to contain on an average 1.79 
per cent nitrogen, dry weight. 


UTILIZATION OF PEAT AS A FERTILIZER THROUGH MICROBIAL 
ACTION 


The values of peat lie in its contribution to plant food and its 
physical action upon the soil. Asa plant food its chief component 


*U. 8S. Geological Survey, 11:15, p. 345, 1919. 

*C. C, Osbon, U. 8. Geological Survey, 11:15, p. 332, 1919. 
* Ibid., 11:15, p. 337, 1919. 

*C. C. Osbon, U. 8S. Geological Survey, 11:20, p. 264, 1917. 
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is nitrogen which exists in the amount of about two per cent of 
dry weight. Chemists have found that the nitrogen in peat con- 
sists of some complex organic nitrogen such as proteins, and other 
forms which are not very well understood. The amount of 


a 
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t. te 
a * 
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eS Lot ee 
x. »® @ 
° ° 


= 
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THOU SANDS OF ToNS 





$409 1909 I4lo 19% 29712 4913 1914 141$ [Tl ITT 191% 


Development of the domestie peat 


indus try, 1908- 19 18. 


proteins’ is about 26 per cent of the total nitrogen; of acid amides, 
10 per cent; while the remaining portion is unknown. h 
Bacteriologists have prepared several kinds‘ of so-called “Bac- 


7C. 8. Robinson, Mich. Agr. Expt. Station, Technical B 7, p. 22, 1911. 
The statement concerns only the sample investigated by t} 
8 Bottomley and others. 
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terized” peat and they have claimed that this treatment increases 
the quantity of assimilable nitrogen. The degree of success in 
its application is subject to question in every case. 

The method of investigation adopted in the present bacterio- 
logical study is as follows: 

a. Isolation of microérganisms which produce the changes 
necessary for bringing about further decomposition of peat. 

b. Addition of such types of microérganisms to peat for the 
purposes of instigating the changes desired. 

c. Addition of foreign materials, such as barn-yard manure, 
which not only furnish microérganisms but food values as well. 

In this investigation, an attempt has been made to alter the 
nitrogenous constituent of peat by supplying some factors and 
conditions which are seemingly lacking for its further decom- 
position in nature. The factors which have received particular 
attention in this investigation are: 

a. The hydrogen-ion concentration. 

b. The lack of essential food materials including vitamins. 


PRESENCE OF MICROORGANISMS IN PEAT 


The quantitative microbial determination was made on an 
air dried sample by plating with three different media as noted 
in table 3. 

TABLE 3 


Different culture media and microérganisms in peat 





NUTRIENT | PEAT EXTRACT 











| AGAR ASHBY AGAR AGAR 
a ee 1,500,000 | 5,140,000 | 1,200,000 


| 





Ashby’s agar has given the greatest and peat extract agar, the smallest number 
of colonies. 


The identification of the organisms which appeared as colonies 
on plates with the above media was executed according to the 
charts of the Society of American Bacteriologists. There were 
found ten species of bacteria, two of molds, some yeasts and 
torulae, and also protozoa (in the water culture). 
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SOME PHYSIOLOGICAL STUDIES OF THE BACTERIA * ISOLATED 
FROM PEAT 


Influence of H-ion concentration 


The limiting reaction of the isolated species of bacteria was 
determined by the method described by Itano.* The results 
are given in table 4. 


TABLE 4° 


pH limits of the organisms found in peat 


NUMBER OF BACTERIA pH urmirs 
1 5.0- 9.0 
2 5.0- 8.0 
3 5.0- 9.0 
4 5.0- 8.0 
5 6.0- 9.0 
6 4.0-10.0 
7 5.0- 8.0 
8 3.0- 8.0 
9 5.0-10.0 
10 5 


0- 9.0 





* The data were obtained by E. Tanner. 


Since the hydrogen-ion concentration of peat itself lies between 
1 x 10-*to1 x 10-4, the growth and activity of these organisms 
are arrested. It is, however, true that many kinds of fungi 
tolerate such hydrogen-ion concentration; in fact, their growth 
on the peat is commonly observed. 


Proteolytic action of the bacteria 


The proteolytic action of these bacteria was determined 
approximately by the method described by Itano'’ and the 
results noted in table 5. 

The results indicate that some of these organisms are as 
active in producing amino compounds as B. subtilis which has 
been previously investigated by the author... The maximum 

® Mass. Agr. College, Bull. 167, 1916. 


© Loc. cit., p. 152. 
11 Loc. cit., p. 169. 
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proteolysis produced at the end of eight days was 142.80 mgm. 
of formol titrating nitrogen per 100 ce. 
The foregoing determinations indicate the following facts: 
a. The various microérganisms studied are present in peat. 
b. The activities of these microérganisms are arrested by 
the concentration of hydrogen-ion and probably by the lack 
of some essential food elements as will be established later. 
c. The larger number of the microérganisms present produce 
amino acids in considerable quantities. 


TABLE 5 
Proteolysis by the organisms found in peat 





TOTAL FORMOL TITRATING N, IN MILLIGRAMS AFTER 


WUMBSS OF BACTERIA SEVEN DAYS (IN 100 cc. BROTH) 





— 


65.00 


| 
| 80.00 


“IQ Crm GW bo 








Change of nitrogen in peat by different treatments 


Having demonstrated the presence of microérganisms in peat 
which are capable of disintegrating the nitrogenous substances 
and which also are ready to develop if the hydrogen-ion con- 
centration of the peat is adjusted to their requirements, it will 
now be our aim to establish the influence of accessory food 
substances for the microérganisms as another important factor 
in releasing nitrogen from the more or less stable and non- 
usable compounds in peat and rendering it available for plant 
growth. For this purpose the following set of experiments was 
carried out, and the alkaline permanganate soluble and amino 
nitrogen was determined as indicated in table 6. 

Where the initial reaction of the medium or material has 
been adjusted with NaOH and vitamin B and molasses added, 











there has been found respectively 71.50 and 2550 per 
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YD 


cent 


of total nitrogen of the dried peat as measured by the alkaline 


methods. 


permanganate soluble and the amino nitrogen (Van 
TABLE 6 
Change of nitrogen in peat by different treatments 
PER Cr 
Alkaline 


NUMBER OF 


FLASKS 


Control 
l 


“IQ Or km & tO 


© @ 











nate soluble 
nitroger 
AO. A. ¢ 
method 
1 gram of peat + 5 cc. H,O ee 5.90 
Control + ms NaOH to reaction pH 7 0. 36.75 
Control + Mg. Na:HP ae ae 33. 50 
| Control + CaCOs.....cccccccccces 32.00 
| Control + (1:1,000) vitamin B rae 33.50 
| Control + (1:100) molasses ...| 43.00 
Control + m; NaOH + (1:1,000) vitamin B 65.70 
Control + ms; NaOH + (1:100) molasses 55.00 


CONTROL AND TREATMENT 


permanga 


| Control (1:1000) vitamin B + 1:100) molasses 45.50 


Control + m; NaOH + (1:1000) vitamin B 
i a cena behaede 71.50 





CONCLUSION 


‘4 


Slyke 


0.50 
6.80 
5.70 
4.60 
».S0 
1.00 
20.00 
18.50 
12.50 


From these results it seems possible to render peat available 
as a nitrogen fertilizer when its hydrogen-ion concentration has 
been corrected and certain accessory foods have been added to 
stimulate the growth and activity of microérganisms already 
present. 
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The formation of a pink or red color on the surface of corn 
mash from plant cookers is not uncommon. This pigment is 
found not only in samples of corn mash cooked under plant 
conditions (240° to 280°F.) but also to a limited degree in mash 
prepared in the laboratory. A pale pink color is first noted 
on the surface of mash which has been allowed to stand for two 
to three days or longer and this pigment later changes to a 


dark red or reddish brown. 

Since the pigment is not commonly found in the mash heated 
at low temperatures, but in samples heated above 100°C., it 
was thought at first that air contamination, possibly mold 
spores, might be the cause. No evidence, however, could be 
found to support this supposition. As a result of many tests 
it was found that samples of mash exposed to air contamination 
rarely developed a pink or red pigment. More conclusive evi- 
dence concerning the cause of the pigment was obtained from 
microscopic examinations of pink corn mash. Samples which 
were taken directly from the cookers at the end of the cooking 
cycle and from various parts of the filling line were stored at 
37°C. Great care was taken to draw these samples under 
conditions which prevented outside contamination. At first 
it was thought that this contamination was due to molds; after 


1 This work was supported in part by a grant from the special research fund of 
the University of Wisconsin. The cultures were obtained through the courtesy 
of the Commercial Solvents Corporation of Terre Haute, Indiana. 
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two to six days, however, such mashes do not show the presence 
of mold threads but instead show numerous rod-shaped cells, 
with spores. 

Presumably pigment formation is a product of the growth 
of a highly resistant spore-forming bacterium. In the present 
paper are reported the results of a study of bacteria found in 
this colored corn mash from the plant cookers. Some of the 
more important characteristics are described including the 
resistance of the spores to heat. 


PROCEDURE 


To obtain pure cultures of the causative organism, five samples 
of colored mash from different sources were diluted and iso- 
lation plates poured. Corn mash and glucose-beef-peptone- 
agars were used. Transfers were made from well isolated 
colonies on these two media and these sub-cultures were replated 
to insure purity. Without exception the types of colonies 
obtained from the various sources were alike in appearance, 
namely a thin spreading growth, of cream-colored colonies. 
The old colonies showed the presence of spores. Although white 
or cream-colored and in this respect unlike the growth in corn 
mash, the presence of spores suggested a possible relationship 
between these colonies and the chromogenic organism of the 
mash. When sub-cultures were made from these white colonies 
into tubes of corn mash and allowed to grow for two to three 
days, it was found that the colonies which were white on the 
agar medium produced a decided pink color in the corn mash. 
Because of this difference in color on various media, a series 
of tests was made in which different sources of carbon were 
tried. Of the various substances tested, none gave such a deep 
red pigment as potato or corn mash. 


CULTURAL CHARACTERISTICS OF RED PIGMENT PRODUCER 


Surface colonies, ten to twelve hours old consist of a group 
of wavy threads which radiate from the center. These threads 
become filamentous and continue to develop as the culture grows 
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older. Because of this peculiar filamentous growth, the young 
colonies of the red organism may be mistaken for the granulated 
lactic acid organism (Thaysen, 1921), a contaminant found in 
fermenting corn mash. 

The rate of growth and general appearance of the bacterial 
mass is quite different from that of B. mesentericus-vulgatus. 
The results of many cultural tests showed that the general 
characteristics of this organism are almost identical with those 
described by Globig as early as 1888. It belongs to the Mesente- 
ricus group and has been described by Migula (1900), by Law- 
rence and Ford (1916), and also by Bergey as Bacillus globigii 
(1923), and by Lehmann and Neumann (1920), as Bacillus 
mesentericus-ruber. All the cultural and morphological tests as 
reported by these various investigators were carried out and with 
essentially the same results. It is, therefore, considered un- 
necessary to report all of these tests. There are, however, 
certain points which deserve special emphasis. Old potato 
cultures have a distinct odor of cooked ham. 

Some of the cultural characteristics of Bacillus globigii (Migula) 
are given below: 


Morphology. Occurs singly or in short chains. Towards Gram 
stain variable, some cells positive and some negative. Spores formed 
in old cultures after six to ten days. Actively motile in twenty-four- 
hour-cultures by means of peritrichous flagella. 

Oxygen requirements. Aerobic. 

Gelatin stab. Liquefaction. Shows a pale reddish brown color. 

Broth. Fragile white scum. 

Agar colonies. Growth spreading, filamentous, irregular, lobed, 
raised, cream colored. 

Litmus milk. Slow peptonization and soft curd. 

Temperature relation. Abundant growth at 37°C. 

Catalase. Positive. 

Glucose yeast agar slant. Thin, spreading growth over entire surface 
of medium. No pigment. 

Potato agar. Thin spreading growth. A slight reddish brown color. 
Corn meal agar. Similar to potato agar but very slight color. 
Potato slope. At first a pink to red growth which rapidly spreads 

over the surface. After three days at 37°C., a dark reddish brown. 
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Corn mash. Surface after three days a faint pink and five to ten 
days later, a beautiful deep pink. 

Starch. Hydrolized. After seventy-two hours at 28°C. a 1.5 cm. 
wide clear zone on starch agar plates. 


Pigment production. Bacillus globigii grows rapidly over the 
surface of nutrient broth, and of agar, with or without various 
sugars, but fails to form any distinct red pigment. Approxi- 
mately the same thing is true of cultures grown on media in 
which the beef-extract-peptone broth is replaced with yeast water. 
Towards the natural food products this member of the Mes- 
entericus group behaves differently, producing on potato slopes 
and corn mash, a beautiful pink to red color. 

The effect of varying the hydrogen ion concentration of the 
medium on the production of color was studied. It was found 
that within a wide range, change in reaction has only a slight 
effect on chromogenesis. 


THE FERMENTATION OF VARIOUS CARBOHYDRATES 


The fermentations were made as follows. One per cent of 
the desired compound, glucose, mannose, sucrose, fructose, 
maltose, lactose, and mannitol was dissolved in yeast water and 
this medium sterilized for thirty minutes at 10 pounds pressure. 
Duplicate flasks of each compound were inoculated with a young 
culture of B. globigit and incubated at 37°C. It was found that 
B. globigit attacks all of these carbon compounds. At first it 
forms a small amount of acid from these substances and this 
acid is later destroyed. If the culture medium is kept in shallow 
layers, the destruction of the sugars is rapid. 

From the results of studies (Berthelot and Ossart, 1921; 
Fred, Peterson and Anderson, 1923) carried out with other 
members of the B. mesentericus group, for example, B. vulgatus 
it seemed probable that this red form would produce acetone and 
ethyl alcohol from the sugars. To test this point large cultures 
of glucose, xylose and corn mash were prepared. After steriliza- 
tion these media were inoculated with spores of B. globigii, 
incubated at 37°C. for five days and analyzed. The methods for 
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measuring the products of fermentation have beeh described 
elsewhere (Fred, Peterson and Davenport, 1919; Fred, Peterson 
and Anderson 1921). Since no attempt was made to carry 
out the fermentation in a closed system, it is certain that the 
gaseous products and some of the volatile substances escaped. 
Within twelve hours after inoculation there was a profuse growth 
of B. globigii in all of the media. 

In table 1 are given the results of the analyses of the glucose 
and xylose cultures. The corn mash failed to show any appreci- 
able amount of acetone and ethyl alcohol and hence is not 


included in the table. 
TABLE 1 
Acetone and ethyl alcohol production from glucose and rylose 
Calculated for 100 cc. of culture 





grams 
Glucose: 
NG ce nt wawn dies bdek bade weus eT eT e Ben hoe 
EE an eee ee ee Livxs abe guesnenes Sa psi . 0.29 
Pormonted ........... ee: Sena eee cud ate mari tinea ee 
i i cinhedaiadndekeness-an Sen ia re . 0.154 
8 ind eandn4-66euneadaweens seas ere re rrr T invaseaee Ge 
Xylose: 
eis cae tin bacndbaneehukentueeswadeuieeks ines — 
le a la a Rs ae as ke ee eee ; . 0.79 
DT \cciee Tce kee Gilat dbenecey we ; ioe Write ; . 1.06 
Rd. ctinsebebodews ye er ere rr re : 0.029 
ED aire ka iawkackidedss epetndusesceereniat Uwas ieieded els aaeue See 





The data are in agreement with an earlier report on aerobic 
pentose fermenters (Fred, Peterson and Anderson, 1923). Both 
glucose and xylose are rapidly fermented with the production of 
small amounts of acetone and ethyl alcohol. If calculated on 
the percentage of sugar consumed, the acetone equivalent for 
glucose is 9.8 per cent and for xylose 2.7 per cent. The alcohol 
is approximately twice as high, 19.5 per cent for glucose and 4.8 
per cent for xylose. 


CHANGES IN THE NITROGENOUS COMPOUNDS OF CORN MASH 


Aside from the changes in the carbon compounds, the proteo- 
lytic action of B. globigit on corn mash was studied. The methods 
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outlined in a previous paper (Peterson, Fred and Domogalla) 
were followed. Unlike the acetone-butyl alcohol organism, it 
was found that the red pigment producer brings about only a 
slight hydrolysis of the proteins of the corn. After twenty-four 
days incubation the percentage of total nitrogen in the form of 
soluble compounds had risen from 13 to 24.1 per cent. 

Resistance of B. globigit spores to heat. In the early paper of 
Globig great emphasis is laid on the heat resistance of the spores 
of this organism. He found that a temperature of 113° to 116°C. 
for twenty-five minutes is required to destroy the spores. 

The object of the present test was to determine the heat resist- 
ance of B. globigit spores in a neutral medium and in corn mash. 
The method employed was similar to that employed by Bigelow 
and Esty (1920) and their co-workers. A suspension of spores, 
three weeks old on beef-peptone-agar was prepared. The spores 
were scraped from the surface of the agar and suspensions pre- 
pared in a neutral phosphate solution of pH 7.0. The total 
number of spores per cubic centimeter of this suspension was 
250,000,000. One cubic centimeter portions were pipetted into 
special glass tubes 0.6 cm. in diameter and then sealed. These 
sealed tubes were subjected to a temperature of 115°C. for vary- 
ing lengths of time. In this neutral phosphate solution it was 
found that the spores are alive after ten minutes at 115°C. but 
are destroyed after fifteen minutes. 

A second test with four week old spores of B. globigit was car- 
ried out in a corn mash medium. The number of spores added 
to each tube was much smaller than in the first test, 2,530,000 
instead of 250,000,000. The results follow: 


Held at 115°C, 





TIME IN MINUTES 





5/8) 9) 0) nm} 2) 2B “|, 








Germination of spores........... +i+/4+i4+i4¢]4/-—-]- | -|- 





In the corn mash medium the spores of B. globigii are killed 
after thirteen minutes. A similar test with a culture of 
220,000,000 spores per cubic centimeter of B. mesentericus- 
vulgatus gave approximately the same results. 
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Because of the great heat resistance of B. globigii it is not sur- 
prising that it may be found in mash which has been cooked under 
pressure. No doubt the occurrence of this organism in the sup- 
posed sterilized mash depends to a large degree on the amount of 
contamination. Mash richly seeded with the spores of this 
organism is naturally much more difficult to sterilize than mash 
of the same concentration but low in numbers of spores. 


THE ASSOCIATED GROWTH OF B. GLOBIGII AND B. GRANULOBACTER- 
PECTINOVORUM 


The effect of various aerobic spore forming bacteria, B. mesen- 
tericus-vulgatus, B. globigit and members of the mesentericus 


TABLE 2 
Effect of Bacillus globigii on production of solvents by Bacillus granulobacte 
pectinovorum in corn mash 
YIELD OF 
NUM- SOLVENTS . 
BER | PER 1000 cx AVERAG 
OF CULTURE 
grams rams 
1 B. granulobacter-pectinovorum alone 16.1 
2 | B. granulobacter-pectinovorum alone 15.9 15.3 
. « ~ 
3 | B. granulobacter-pectinovorum alone 14.3 
4 | B. granulobacter-pectinovorum alone . ; 14.8 |} 
5 | B. granulobacter-pectinovorum with B. globigii 14.7 
6 | B. granulobacter-pectinovorum with B. globigii 16.0 15.2 
a . . “yee . 2.2 
7 B. granulobacter-pectinovorum with B. globigii 14.2 
8 B ] 





. granulobacter-pectinovorum with B. globigii 15.9 


group, on the growth of the acetone-butyl-alcohol organism has 
been studied. Since the mesentericus organisms are aerobic and 
the B. granulobacter anaerobic it is probable that their associated 
growth will show a symbiotic relationship. 

The results of many tests indicate that this association is with- 
out injury to the butyl alcohol organism. Flasks of 5 per cent 
corn mash were divided into two groups. Five flasks received 
only the acetone butyl alcohol organism while five other flasks 
received the same organism and also B. globigii. After three 
days incubation at 37°C. the amount of solvents was determined. 
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The results of the analysis are shown in table 2. The results of 
all the experiments with the associated growth of these two organ- 
isms indicate that the two organisms may live together without 
any serious injury to the acetone-butyl alcohol production. 


CONCLUSIONS 


1. The pink or red pigment found on the surface of cooked corn 
mash may be caused by a spore former of the mesentericus group. 

2. This organism is described in the literature under the name 
of B. mesentericus-ruber and B. globigii. 

3. The spores of this organism are very resistant to heat. 
In a corn mash the thermal death point of the spores is 13 minutes 
at 115°C. 

4. Color production is most noticeable on potato or on corn 
mash. 

5. In a yeast water medium plus glucose or xylose, B. globigit 
grows rapidly and destroys a large part of these sugars. The 
non-gaseous neutral products of the fermentation are acetone 
and ethyl! alcohol. 

6. B. globigii may be grown in association with B. granulobac- 
ter-pectinovorum without any injury to the acetone butyl alcohol 
organism. 
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The indol test has always been unsatisfactory from a bacterio- 
logical standpoint. The variability of the media employed, the 
diversity of methods, the inaccuracies of the tests and the dis- 
similar strains of the organisms used, all have tended to vitiate 
laboratory results. Various investigators have recognized the 
unreliable nature of indol tests in the characterization of bac- 
terial species and have proposed not only many improvements 
to the original methods but have devised several new ones. The 
literature on the subject of indol and skatol detection and deter- 
mination is voluminous and pertinent references, only, can be 
included in this paper. A brief summary of some of the more 
important contributions relating to the several methods most 
commonly used in bacteriological laboratories will, however, next 
be given. 


THE EHRLICH ALDEHYDE REACTION FOR INDOL AND SKATOL 


This test depends upon the production of a pink or red color 
with or without heat on the addition of para-dimethylamino- 
benzaldehyde to the acidified test solution. This red coloration 
is soluble in chloroform or amylic alcohol. The test was first 
proposed by Ehrlich in 1901. He showed that skatol gave under 
similar treatment a violet-blue color. Schmidt (1903) checked 
these color reactions and concluded that both indol and skatol 
could be accurately detected by the Ehrlich test. The test was 
applied to bacteriology soon after by Haenen (1905). Steensma 
(1906) found that upon the addition of dilute potassium ni- 
trite the red color of indol was not changed, whereas the violet- 
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blue of skatol became deep blue and was soluble in chloroform. 
Deniges (1908) attempted to substitute cinnamic aldehyde and 
also vanillin for the more expensive Ehrlich reagent. This he did 
with varying success. He found that benzene, which he used to 
extract the indol, usually contained some substance which if pres- 
ent interfered with the color reaction. Boehme (1906) added 
potassium persulfate to the completed Ehrlich test for the pur- 
pose of intensifying the color. He also pointed out the applica- 
tion of the method to the study of bacteria. Baudisch (1915) 
called this improved Ehrlich-Boehme test very satisfactory for 
indol and skatol. Kligler (1914), Lewis (1915), and Crossonini 
(1910) all recommend the test as sensitive and accurate and 
more suitable for indol detection in bacterial cultures than the 
older Salkowski test with which they compared it. Weehuizen 
(1908) used the test in his investigation on the indol in flowers 
and found it gave very satisfactory results when applied to the 
distillate. He used potassium nitrite to intensify the colors. 
He found phloroglucinol gave tests identical with indol and that 
distillation was necessary to obtain accurate results. Blumen- 
thal (1909) found that small amounts of skatol if present would 
be masked by the indol and vice versa, giving intermediate colors. 
He found the delicacy of the test to range from 1:1,000,000 to 
1:5,000,000. He, as well as Homer (1915) suggested the use of 
spectroscopic methods in the identification of indol and skatol 
in the Ehrlich color tests. Herter (1905), also Herter and Foster 
(1905, 1906) determined indol quantitatively in mixtures by a 
combination of the Herter (beta-naphtholquinone sodiummono- 
sulfonate) and Ehrlich tests using a double distillation process. 
Zoller (1920) rejected the Ehrlich method for indol in favor of 
the nitroso indol test performed on the distillate. His objections 
in the light of our present knowledge regarding the test cannot be 
considered valid. This investigator furnished a valuable con- 
tribution to our knowledge of indol determination by his work 
upon volatility, distillation and hydrogen ion concentration. 
The reaction of the Ehrlich reagent with indolacetic and indol 
propionic acids has been studied by Hopkins and Cole (1903), 
Herter (1908), and Salkowski (1919). A red color is formed 
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somewhat similar to the indol coloration though ‘insoluble in 
chloroform. Among those who have used and recommended 
the test are Lewis (1915), Jordan (1919), Chen and Rettger 
(1920), Wenner and Rettger (1919), Van Loghem and Van Log- 
hem-Pouv (1912), Zipfel (1912), Frieber (1921), Kolle and Was- 
sermann (1913), Norton and Sawyer (1921), Barthel (1921), Can- 
non (1916), Horowitz (1916), and Rivas (1912),Goré (1921) 
and Levine and Linton (1924). 

According to the Manual of Methods prepared by the Com- 
mittee on Bacteriological Technic of the Society of American 
Bacteriologists (1923), the Ehrlich test is performed as follows: 


The reagent is a 2 per cent solution of paradimethylaminobenzalde- 
hyde in 95 per cent alcohol. One cubic centimeter of this reagent is 
added to the culture, then drop by drop concentrated hydrochloric 
acid is added until a red zone appears between the alcohol and the 
peptone solution. Not more than 0.5 cc. of the acid is required. On 
standing the zone deepens and widens. The red color is soluble in 
chloroform and the test may be confirmed by shaking the culture with 
chloroform to see if the pigment dissolves. If it proves soluble the test 
is considered positive. 


STEENSMA OR VANILLIN TEST FOR INDOL AND SKATOL 


In 1906 Steensma proposed the substitution of vanillin for the 
more expensive para-dimethylaminobenzaldehyde which is used 
in the Ehrlich test. Weak indol solutions gave with a few drops 
of a 5 per cent alcoholic solution of vanillin an orange red color 
unchanged by sodium nitrite while skatol yielded a red violet 
color changed by this reagent to blue violet. The presence of ska- 
tol masks the red coloration due to indol. Deniges (1908) also 
made use of vanillin as well as cinnamic aldehyde to replace 
Ehrlich’s reagent with satisfactory results. 'Weehuisen used this 
test in conjunction with Ehrlich’s in his investigations on the in- 
dol in flowers. Blumenthal (1909) stated that while the vanillin 
and protocatechuic aldehyde tests were fairly satisfactory where 
indol alone was present, they proved inaccurate in mixtures of 
indol and skatol. Nelson (1916) made a thorough study of the 
Steensma vanillin test and compared the color reactions obtained 
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by the use of numerous alcohols, aldehydes and acids and the 
solubility of these pigments in various solvents. The nature of 
these color bodies is not known. Although he recommends hy- 
drochlorie or sulfuric acids, most of the acids are suitable for 
making these tests. Indol produces a deep orange color insoluble 
in chloroform while skatol gives a deep red to violet color soluble 
in chloroform. Although Nelson usually obtained very good 
results with this test, occasionally they varied greatly and were 
not satisfactory. Zoller (1920) scored the Steensma vanillin 
test and called it unreliable on account of the large number of 
interfering substances and the ease with which the colors be- 
come masked. Frieber (1921) indicated that this test gave 
positive results with indol, alpha-methyl indol and beta-methyl 
indol (skatol). The test is used in some laboratories to a con- 
siderable extent, principally to check the results obtained by 
other methods. 

The committee on Bacteriological Technic of the Society of 
American Bacteriologists (1923) recommend the following pro- 
cedure in carrying out the vanillin test for indol: 


To 5 cc. of the culture add 5 drops of a 5 per cent solution of vanillin 
in 95 per cent alcohol and 2 cc. of concentrated sulfuric acid. Indol 
gives a clear orange by this test which reaches its greatest depth in 
two or three minutes. Tryptophane on the other hand, gives a reddish 
violet which develops more slowly and deepens on standing or heating. 


THE SALKOWSKI NITROSO-INDOL TEST (CHOLERA RED REACTION) 


Salkowski (1883) proposed the use of concentrated sulfuric 
or nitric acid together with a very dilute solution of potassium 
nitrite. In the presence of indol a pink ring or coloration between 
the acid layer and the culture is formed. The color changes to 
blue green upon the addition of potassium hydroxide. Large 
amounts of indol produce a reddish brown precipitate. Where the 
culture already contains nitrites as in the case of V. cholerae the 
addition of nitrites is unnecessary. This was based upon the 
color reactions of nitrites formerly suggested by Baeyer (1870) 
and by Nencki (1875). Kitasato (1889) applied the test to bac- 
teriology, while Nonotte and Demanche (1908) improved the 
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method of applying the test and attempted to make it quanti- 
tative. Zoller (1920) pointed out the necessity of distilling the 
substance which was being tested and indicated the inaccura- 
cies of making indol tests directly upon the original cultures. 
He showed that skatol carbonic acid interfered with the test and 
added several refinements such as a direct distillation from a 
slightly alkaline solution and the application of the test to the 
distillate in a quantitative manner. He obtained very satisfac- 
tory results and considered the delicacy of the reaction to be 
about 1:500,000. In order to concentrate the color he extracted 
it with isopropyl or isoamyl alcohol. Tobey (1906) claimed that 
some slight differences are present in the color reactions obtained 
in the “Cholera red” and nitroso-indol tests. Baudisch (1915), 
Telle and Huber (1911), Crossonini (1910) and others have in- 
vestigated this test but with the exception of Zoller and possibly 
Tobey most investigators have shown a preference for the Ehr- 
lich test. Chen and Rettger (1920), Kligler (1913), Nelson (1916) 
Zipfel (1912), Wenner and Rettger (1919), Frieber (1921), and 
others have compared the Salkowski with the Ehrlich test for 
indol and all agree that the formeris less delicate and less accurate 
than the latter. Frieber (1921) has demonstrated that indol- 
acetic acid gives positive results with the Salkowski test, which 
is therefore not altogether reliable. 

According to the Committee on Bacteriological Technic of 
the Society of American Bacteriologists in the Manual of Methods 
(1923), the Salkowski test is performed as follows: 


Mix 5 cc. of the culture with about one-third its volume of 1:1 sul- 
furie acid. Then add on the surface a small amount of a 0.02 per cent 
solution of sodium nitrite. A positive reaction is indicated by a pink 
zone between the acidified culture fluid and the nitrite solution. 


DIMETHYLANILIN TEST FOR SKATOL 


To 5 cc. of the solution to be tested for skatol add a few drops of fresh 
dimethylanilin and shake vigorously. Add about 4 ec. of concentrated 
sulfuric acid to form a layer at the bottom. A violet ring is formed in 
dilutions of 1:1,000,000 or more. The color is soluble in chloroform. 
Indol does not interfere. 
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The United States Bureau of Chemistry in testing for the pres- 
ence of skatol in decomposed foods also recommends this test. 
Clough (1922) modified the test by using hydrochloric acid in 
place of sulfuric acid and heating to bring out the pink color. 
The dimethylanilin should be recently redistilled else an inter- 
fering substance may obscure the color reaction. By this modi- 
fied test a 1:5,000,000 dilution of skatol may easily be detected. 


THE HERTER §-NAPHTHO-QUINONE SODIUMMONOSULFONATE TEST 


Herter in 1905, and Herter and Foster (1905, 1906) proposed 
the use of 8-naphtho-quinone sodiummonosulfonate for the de- 
tection and determination of indol. A double distillation is 
carried out first from the alkaline mixture and then on the 
acidified distillate. The addition of the reagent followed by 
potassium hydroxide in excess produces a blue condensation 
product of indol. The addition of acid changes this color to 
yellow. Now if this acid solution is redistilled, skatol if present, 
passes into the distillate and indol remains behind and may there- 
fore be separated quantitatively. Gorter and DeGraeff (1908) 
claimed the method would give trustworthy results if a double 
distillation were carried out. They found ammonia interfered 
with the color reaction and that it must be eliminated before 
making the test. The delicacy is given as 1:8,000,000. Nelson 
(1916), also Zoller (1920) both compared this test with the other 
common indol tests but found that although it gave fairly de- 
pendable results, the reagent was almost impossible to obtain 
and that the test solutions of it deteriorated very rapidly. The 
test requires a long time to complete and they claim that ammonia 
and phenols interfere with the reaction. However Bergheim 
(1917) highly recommends the test particularly for the deter- 
mination of indol and skatol in feces. A double distillation is 
necessary though the results are quantitative and skatol and 
ammonia do not interfere. 


KONTO FORMALDEHYDE TEST 


Konto in 1906 reported that formaldehyde added to the acidi- 
fied distillate to be tested for indol yields a violet red color if 
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indol is present. Skatol under similar conditions gives a yellow 
or brown color. The delicacy is 1:600,000. Nelson (1916) also 
Clough (1922) did not find this test to be entirely trustworthy and 
therefore used other more suitable tests. 


LEGAL NITROPRUSSIDE TEST 


The Legal test (cited by Salkowski, 1883, also Hawk, 1918) for 
indol depends upon the formation of a blue color upon adding a 
few drops of a freshly prepared solution of sodium nitroprusside 
and making the resulting mixture alkaline with potassium hy- 
droxide. If the mixture is now acidified with glacial acetic acid 
the violet color becomes blue. Deniges (1908) used the test with 
fair results and improved its technique somewhat by using an 
excess of acetic acid in the barely alkaline test mixture. The 
reaction is not as sensitive as the Ehrlich test. Frieber (1921) 
showed that indolacetic acid does not interfere with this test. 


THE GNEZDA OXALIC ACID TEST 


Gnezda (1899) found that oxalic acid, either in the solid form 
or in concentrated solution, takes on a red color with indol or with 
indol vapor. Morelli (1908), also Pittaluga (1908) applied the 
test to bacterial cultures. Blotting paper soaked in oxalic acid 
solution suspended over the test culture reacts very sensitively to 
indol. Zipfel (1912) found the test to give satisfactory results 
though he apparently prefers the Ehrlich test. Freund (1922), 
and also Baudet (1913), have reported satisfactory results with 
this test. Very recently Holman and Gonzales (1923) have 
fully recommended the oxalic acid reaction and claim it is reliable, 
simple, practical, and delicate. The action depends upon the 
volatility of indol and may be used in agar cultures as well as in 
liquid ones. 


THE ESCALLON AND SICRE FURFURAL TEST 


Escallon and Sicre (1906) recommended the use of furfural in 
testing for the presence of indol. The culture is first extracted 
with chloroform, the latter driven off by heat and the residue 
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taken up with a few drops of alcohol. The reagent is made by 
adding 1 gm. glucose to 55 ec. of hydrochloric acid, warming to 
boiling and making up to 100 ce. When the alcoholic residue is 
warmed with 3 cc. of the above furfural reagent, if indol is present 
a reddish orange color is produced. 


THE DAKIN GLYOXYLIC ACID TEST 


Dakin (1906) proposed the use of glyoxylic acid as a test for 
indol, skatol and tryptophan. To 1 ee. of the solution to be 
tested 1 ec. of the dilute glyoxylic acid solution is added and 
about 2.5 ec. of concentrated sulfuric acid. With indol a red to 
brown color forms at the zone of contact, while with skatol a deep 
red to violet coloration results. Homer (1914) studied the effect 
of formie acid, glyoxylic acid and glyoxal on the tryptophan 
derivatives and found that intensely colored substances were often 
formed in the presence of oxidizing agents. 


THE CRISAFULLI PYRROL REACTION (PINE WOOD TEST) 


Crisafulli (1895), Rohmann (1908), Hawk (1918) and others 
describe the following test for indol. Moisten a pine splinter 
with concentrated hydrochloric acid and insert it into the material 
under examination. If indol is present in appreciable quantity 
the wood becomes a cherry-red color. 


SASAKI METHYL ALCOHOL TEST FOR SKATOL 


Sasaki (1909) suggested the addition of 3 or 4 drops of methyl 
alcohol and an amount of concentrated sulfuric acid equal to the 
test solution. The acid must contain a trace of a ferric salt and 
the alcohol must be free from acetone. Skatol gives a reddish 
violet color whereas indol produces no color. 


THE BAUDISCH OR NITROMETHANE TEST 


Saudisch (1915) reported the following test for indol: A few 
drops of nitromethane followed by a little dilute potassium 
hydroxide are added to the test culture and heated. Cool and 
add one cubic centimeter of amyl! alcohol, shake well and while 
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° ° eas ‘ 
shaking add hydrochloric acid in excess. After the amyl alcohol 
has separated heat the mixture almost to boiling. In the presence 
of indol the amy! alcohol layer becomes red or rose-colored. 


OTHER TESTS FOR INDOL AND SKATOL 


Besides the several tests already described many others are 
mentioned in the literature on the subject. Most of them are 
really modifications of the aldehyde color reaction and make use of 
such substances as pyruvic aldehyde, glyceric acid and aldehyde, 
protocatechuic aldehyde and heliotropinpiperonal. Since most 
of them have no extensive use in the laboratory and are in 
general neither as sensitive nor as accurate as some of the better 
known and extensively used tests for indol and skatol, this dis- 
cussion for the most part will be limited to the latter. 


DISCUSSION OF THE TESTS 


All the foregoing tests, with the exception of the glyoxylic 
acid of Dakin and the nitromethane test of Baudisch, were 
tried out by us experimentally in the laboratory using for most 
of the tests pure indol and skatol, as well as bacterial cultures and 
decomposed salmon. The Konto formaldehyde, Gnezda oxalic 
acid,' Escallon and Sicre furfural, pine wood, Sasaki methyl 
alcohol, pyruvic aldehyde and glyceric acid and aldehyde tests for 
indol or skatol proved to be unsatisfactory. These tests require 
fairly large amounts of indol or skatol to be at all reliable and 
even so, the color reactions were neiiner clear cut nor constant. 

In the second list of tests, classed as fairly satisfactory though 
not entirely so, and for some reason or another not recommended 
for accurate work, are the Legal nitroprusside, Herter 36- 
naphtho-quinone sodium monosulfonate, and the Salkowski nitro- 
soindol tests. Providing these tests are made on the distillate 
rather than on the culture direct, much better tests will be ob- 
tained. In the case of the Salkowski and Herter tests this pro- 


1 The excellent paper of Holman and Gonzales (1923) did not appear until after 
our laboratory work had been completed, hence in using this test we were not 
able to use the refinements suggested by these authors. 
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cedure is absolutely necessary on account of interfering substances 
such as indol-acetic acid, indol-propionic acid, ammonia, and 
alcohols and aldehydes, and other metabolic products which may 
be present in bacterial cultures. The indol acetic and indol 
propionic acids give a color reaction similar to indol, but since 
they are only very slightly volatile in water vapor, these products 
will be left behind. The Herter 8-naphtho-quinone monosul- 
fonate test for indol is useful in separating quantitatively indol 
from skatol, but the procedure is involved and the reagent 
exceedingly difficult to obtain.* The Salkowski test is not a 
delicate reaction and small amounts of indol may be entirely 
overlooked. A red coloration may indicate either indol, indol- 
acetic acid or indol-propionic acid, or all of them, if the test is 
made on the culture direct without distillation. Zoller (1920) has 
shown that the test is much more delicate and accurate when 
made on the distillate. He even obtained very satisfactory 
quantitative results. The nitroprusside test while accurate for 
considerable amounts of indol is not delicate enough for even 
ordinary routine indol tests. 

The Ehrlich para dimethylaminobenzaldehyde reaction? was 
found to be by far the most accurate, reliable and simple test for 
indol or skatol when unmixed. When mixed together in a culture 
the color ranges from red todeep violet, according to the respective 
amounts present. For skatol alone the dimethylanilin test has 
been found to give very satisfactory results. In testing for 
skatol this should be made the primary test and the results 
should be checked by the Ehrlich paradimethylaminobenzal- 
dehyde and Steensma vanillin tests. A dilution of skatol of 
1:5,000,000 may be detected by the dimethylaniline test. It 
should be used on the distillate only. 

Next to the Ehrlich test for indol and the dimethylanilin test 


? We were unable to purchase this reagent in the U.S. Dr. O. Bergheim of the 
Jefferson College, Philadelphia, kindly furnished us with a liberal sample of this 
substance. 

* The Gore (1921) modification of the Ehrlich test did not come to our attention 
until our study had been completed. Since this test depends upon the volatility 
of indol it should yield results comparable with the distillation test as described 
in this paper. 





INDOL AND SKATOL DETERMINATIONS 115 


for skatol, the Steensma vanillin test for indol and skatol gave 
the most satisfactory results. It was found to be fully as delicate 
as the Ehrlich test though not as reliable. Interfering sub- 
stances are occasionally present which mask or obscure the color 
reactions even when the tests are performed on the distillate. 
Experiments showed that hydrochloric acid could be substituted 
for sulfuric acid retaining at the same time the sensitiveness of 
the test but eliminating the charring effect of the concentrated 
sulfuric acid on the organic substances usually present. In an 
attempt to improve upon the use of vanillin as an indicator of 
indol and skatol a number of substituted vanillins were used. 
Methyl-vanillin, monobrom-vanillin and benzidine-mono-vanillin 
were tested out for both indol and skatol using both hydrochloric 
and sulfuric acids. It was found that these substituted vanillins 
proved less sensitive than vanillin itself. With skatol the violet 
blue product formed was entirely soluble in CHCl], while the 
orange product of indol was only very slightly soluble. In this 
way it is possible to effect a separation of indol and skatol. The 
following procedure gave very satisfactory results. 


MODIFIED STEENSMA VANILLIN TEST 


Make the test whenever possible upon the distillate (direct or steam). 
To 5 cc. of the solution being tested add 5 drops of 5 per cent solution of 
vanillin in 95 per cent alcohol, 2.5 cc. concentrated hydrochloric acid 
and mix. Indol gives a clear orange color, while skatol gives a violet 
to violet blue color soluble in chloroform. The orange color produced 
by indol is insoluble in this reagent. Delicacy for indol and skatol 
was found to be about 1:3,000,000. The application of heat hastens 
the reaction. Only definite positive results should be recorded. 


THE MODIFIED EHRLICH PARADIMETHYLAMINOBENZALDEHYDE TEST 


After much preliminary work using the various tests under a 
great variety of conditions, it was decided to make a detailed 
study of the Ehrlich reaction and if possible to eliminate errors, 
increase its delicacy, standardize the technic of the test and make 
it as nearly quantitative as possible. 

It was found that discordant results were often due to varia- 
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tions in the color and thickness of the glass in the test tubes. 
Some of these tubes had a bluish green color which served to mask 
in part the faint pink color produced by small amounts of indol. 
Since it was attempted to record amounts of indol as small as 0.2 
micromilligram of indol in the 5 ec. of test solution (1:25,000,000) 


TABLE 1 
Influence of the Ehrlich reagent on the color of the indol test 


INDOL EHRLICH KEAGENT COLOR PRODUCED 
p.p.m ec 

0.2 0.5* Pure pink 

0.2 0.75 Pink with slight yellow 
0.2 1.0 Pronounced yellow 

0.4 0.5* Pure pink 

0.4 0.75 Near'y pure pink 

0.4 1.0 Pink with slight yellow 
0.4 1.25 | Pink with more yellow 

0.4 1.5 Pink with still more yellow 
0.4 1.75 Pronounced yellow 

0.4 2.00 Pronounced yellow 

0.8 0.5* Pure pink 

0.8 0.75 Deeper pure pink 

0.8 1.0 Pink with trace of yellow 
0.8 1.25 Pink with slight yellow 
0.8 1.5 Pink with considerable yellow 
0.8 1.75 Pink with strong yellow 
0.8 2.0 Yellowish pink 

2.0 0.5,* 0.75, 1.0 | Pure pink 

2.0 1.25 Pink with trace of yellow 
2.0 1.5 Pink with slight yellow 
2.0 2.0 Pink with considerable yellow 


* Five-tenths cubic centimeter of the Ehrlich reagent was the amount selected 
as the optimum for small amounts of indol. 


it was absolutely necessary to use tubes of uniform bore, thick- 
ness and color. Thin walled, colorless, uniform tubes were used 
in all these tests. 

Paradimethylaminobenzaldehyde dissolved in alcohol has a 
yellow color: this, also, was found to interfere with the tests for 
indol and skatol, particularly when the latter are present in very 
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small amounts. Different amounts of indol in 5 ec. ofwater were 
treated with varying amounts of the reagent and the colors 
produced were noted. Ten drops of concentrated hydrochloric 
acid were used in each test, the color being extracted with 
chloroform. 

Table 1 shows that as the amount of the Ehrlich reagent is 
increased in the test, the greater is the interference of the yellow 
color, this being particularly true where dilute concentrations are 
present. From these data and from other tests conducted at this 
time it was concluded that 0.5 ec. of the reagent (paradimethyla- 
minobenzaldehyde) represented the optimum amount for small 
amounts of indol, 2.0 micromilligrams (0.4 p.p.m.) or less. 

It was found that concentrated hydrochloric acid partially 
destroys the interfering yellow color of the Ehrlich reagent, 
though the ten drops of the former usually used in the test, has 
little effect. Amounts of concentrated hydrochloric acid varying 
from 0.5 to 2 ce. were used in experimental tests. The result 
was that as the acid concentration increased the percentage of 
color destroyed increased also. However a point was reached at 
2 ee. hydrochloric acid where the usual pink color of the completed 
test changed very quickly to orange. This destruction of the 
pink color takes place especially rapidly if the tubes are heated. 
Since the orange color is objectionable, it was decided, consider- 
ing all the factors entering into the test, that 1 ec. concentrated 
hydrochloric acid gave optimum results because at this con- 
centration of acid a considerable percentage of the objectionable 
yellow color of the reagent was destroyed without affecting the 
final reading of the test. 

Several experiments were carried out to ascertain the effect of 
heating on the indol test as it had been found that the color 
developed much more rapidly when heat was applied. However, 
the time of heating was found to have a decided influence upon 
the final test. It appeared that the hydrochloric acid partially 
destroyed the pink indol color if the tubes were heated for more 
than thirty seconds. After repeating several times an experi- 
ment to determine just how much heating should be given, it 
was found that an exposure of twenty seconds in boiling water 
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gave optimum intensity of color without any harmful effect of the 
hydrochloric acid being apparent. The color which developed 
in 20 seconds in boiling water was approximately equal in in- 
tensity to that produced after standing for twenty to twenty-five 
minutes at room temperature. It is therefore a saving of time to 
apply heat to the test tubes before making the final reading. In 
this connection it should be stated that before adding chloroform 
to extract the color, it is necessary that the test solution be below 
the boiling point of chloroform, e.g., 61.2°C. 


DISTILLATION OF INDOL FROM CULTURES AND FROM AQUEOUS 
SOLUTIONS 


Indol, skatol and some other products of decomposition are 
volatile with steam. In this investigation it was necessary to 
determine the percentage recovery of indol in the distillate. 
Zoller (1920) determined that a slightly alkaline reaction in the 
culture was best (between pH 8 and 10.5). He used a single 
direct distillation and found that nearly all the recoverable indol 
was recovered in the first 75 ec. distilled, the total volume being 
100 ce. Several investigators have shown that only a part of the 
indol added to a solution or solid suspension is recovered by either 
direct or steam distillation. 

In order to determine the effect of varying hydrogen ion con- 
centrations upon the recovery of indol in the distillate, varying 
amounts (5 to 50 ec. of a 10 per cent solution) of both sodium 
hydroxide and hydrochloric acid were added to the regular 
distillation flasks in addition to 12 micromilligrams of pure indol 
and 500 cc. of water. The material was then steam distilled, 
500 ec. of the distillate being collected and tested for indol. 
The average per cent recovery of indol of the nine distillations 
where the alkali was used was 46.4 per cent, the amount of alkali 
making little difference in the results. On the other hand the 
average per cent recovery of the five acid distillations was only 
26.7 per cent. In none of these cases was the recovery very 
satisfactory yet the alkaline solutions yielded nearly twice as 
much indol in the distillate as the acid solutions. 

Reducing the volume of the solution distilled for indol appeared 
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to increase the percentage recovery. In a series of distillations 
where the residual volume in the flask was varied from 310 to 65 
ec. the percentage recovery increased from 26.6 to 53.3 per cent. 

Little difference was noted as to whether steam or direct 
distillation was the more satisfactory. Since the concentration 
could be controlled and little bumping or frothing occurred, 
steam distillation was used in this work. Another reason for 
using steam distillation is because scorching of proteins forms 
either indol or an indol-like substance which gives some of the 
color reactions of indol. As a result of a large number of tests 
it was determined that the length of time of the distillation had 
little or no bearing upon the percentage of indol recovered in the 
distillate. When known amounts of indol were added to per- 


TABLE 2 
Récovery of indol from bacterial cultures by steam distillation 


| 











DISTILLATE . [Bc 
i sbhaaitbinnaen Oe a Ce ee a vase a ) TOTAL AMOUNT OF INDOL 
Number | Cubic centimeters 

| cc. p.p.m 
1 100 40 2.56 
2 | 100 10 0.12 
3 100 10 0.02 
4 100 5 0.01 





* It was necessary to dilute the test solution to this volume because the red 
color due to indol was too intense for accurate comparison with standards. 


fectly fresh, chopped up salmon in a flask with 500 cc. of water 
and distilled with steam, the recovery of indol varied from 47 to 
65 per cent. 

In order to determine the percentage recovery of indol in the 
first 100 ec. of the distillate, a culture tube containing 10 cc. of 
Dunham’s peptone solution inoculated with an organism from 
pink salmon which was known to produce indol, was incubated 
for one week and then distilled with steam. The distillate was 
collected in four 100 ec. portions and the amount of indol in each 
portion determined separately. The results are given in table 2. 

These data indicate that it is unnecessary to distil more than 
100 cc. when a 10 ec. culture is used for the test. Ninety-four 
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per cent of the total indol recovered was obtained in the first 
100 ec. of distillate. 

Another series of six experiments to determine the volatility 
of indol with steam from protein substances was performed. 
Decomposed salmon, known to contain considerable amounts of 
indol was used. Two hundred grams of the ground up flesh 
macerated in 200 cc. of water were steam distilled and the dis- 
tillate collected in 100 ce. portions until about 10 such portions 
had been collected. The indol was then extracted with ethyl 
ether and estimated colorimetrically according to the modified 
Ehrlich technic. The average per cent of indol recovered in the 
first 500 ec. distilled was 82.7. The per cent collected in the first 
100 ec. portion of the distillate collected was only 23.8. The 
indol in flesh appears therefore to be rather firmly held and it is 
only with difficulty entirely removed. Such a condition is 
analagous to the determination of ammonia in water and in 
certain organic substances. However, it is possible by using a 
fixed arbitrary technic, to obtain fairly comparable results. The 
Ehrlich test gives an accurate indication of the amount of indol or 
skatol extracted from the distillate; since, however only 80 or 
90 per cent of the total indol is actually recovered the results 
obtained by the method are not absolute. Furthermore, it is 
impracticable to recover all the indol present in a culture or other 
substance and it is believed that the distillation of a certain 
amount of the material being tested and the collection of adefinite 
amount of distillate offers the best method possible for the quanti- 
tative determination of indol and skatol in cultures or other 
substances. In the case of peptone, tryptophan or trypsinized 
protein solutions, the indol and skatol are more readily liberated 
than from the complex proteins such as are present in flesh or 
plants, and for this reason a higher per cent recovery might be 
expected where culture media contain these relatively simple 
substances. 

Still another experiment to determine the recovery of indol 
in the distillate was carried out using Limburger cheese, a sub- 
stance which contains much indol. One hundred grams of cheese 
with 100 cc. of water were distilled with steam and three, five 

















INDOL AND SKATOL DETERMINATIONS 121 


hundred cc. portions of distillate were collected. Eaah portion 

ras extracted two or three times with ethy] ether and the indol 
present in each separate extraction determined. The results 
are given in table 3. This table further confirms previous experi- 
ments where fish flesh and culture solutions were used. Although 
the greater part of the indol is found in the first 500 ec. of the 
distillate, considerable amounts are also found in the second and 
third 500 cc. portions. 


TABLE 3 


Recovery of indol from Limburger cheese by steam distillation 
TEST SOLUTION (1 c 
4 


DISTILLATION NUMBER SUCCESSIVE EXTRACTION . 2 
DILUTED T« 


TOTAL AM‘ NT OF INI 


300 180.0 


1 ‘ B °0 16.0 
c 2 1.6 
9 ] A 300 90.0 
B 20 6.0 
A 30 48.0 
3 " 
B 5 6.0 


* The intensity of the red color due to indo! made it necessary to dilute the 
test solution in order to accurately compare the color with that of the standards 


EXTRACTION OF INDOL FROM THE DISTILLATE 


€ 


Referring to table 3, it is evident that one ether extraction in a 
separatory funnel serves to remove nine-tenths or more of the 
indol present in the distillate. This was found to be true regard- 
less of whether the indol was distilled from flesh, bacterial 
cultures, or cheese. Petroleum ether has been recommended for 
the extraction of indol but in this investigation it was found to 
be inferior to ethyl ether. The petroleum ether contains im- 
purities unless well purified, which seriously interfere with the 
indol color reactions, particularly in the vanillin test. 

Upon vigorously shaking the distillate containing indol with 
ethyl ether, a persistent emulsion often resulted making it difficult 
to separate the ether layer from the aqueous layer. It was found 
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that e.p. HCI dispersed the emulsion and simplified the separation 
of the layers. Commercial acid is not satisfactory because of 
impurities which interfere with a clear color test. The addition 
of two cubic centimeters of the c.p. hydrochloric acid was found to 
give very satisfactory results in dispersing the emulsion while not 
making it too difficult to neutralize subsequently with sodium hy- 
droxide. Although only approximately 50 per cent of the ether 
used in the first extraction separates from the water, practically 
all of the recoverable indol is obtained in the first extraction. 

During bacterial decomposition substances other than indol and 
skatol which are volatile with steam, may interfere with the color 
tests for indol and skatol. Since phenols and cresols and certain 
other substances which might be present in a decomposing 
mixture, are soluble in dilute alkali, the acidified ether extract of 
the distillate was washed with 5 cc. of 2.5 per cent NaOH to 
remove such substances. Of course it was then necessary to 
rewash the ether extract with 5 cc. of dilute HCl to remove the 
alkali. Repeated experiments showed that unless this was done 
the color reactions were sometimes obscured. 


EVAPORATION OF THE ETHER EXTRACT 


After the ether extractions have been washed with alkali and 
acid they must be evaporated over a small volume of water. 
Usually 10 ee. is used unless it is desired to apply several different 
tests for indol and skatol. Ordinarily where the Ehrlich test is 
used for indol and the dimethylanilin test for skatol, 10 ec. of 
test solution is sufficient. It was found that there was always 
some loss of indol upon evaporation, regardless of the method 
used. Spontaneous evaporation was compared with both hot 
water immersion and water bath with aspiration. Some differ- 
ence was noted in the several methods and for the sake of 
speed, the application of heat with aspiration appears desirable. 
Needless to say the same technic should be employed in every 
test. For the sake of uniformity, heating on the water bath 
until most of the ether has been evaporated and removing the 
last traces by aspiration is recommended. 
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COLOR TESTS ON THE WATER TEST SOLUTIONS 


After the ether has been entirely removed from the flasks 
containing the test solutions, these are ready to be subdivided 
and the actual color tests made. Two 5 cc. portions are placed 
in thin walled, colorless glass test tubes; one of these is used for the 
test and the other held in reserve. The necessary reagents are 
added from burettes, the tube placed in boiling water for twenty 
seconds, plunged into ice or cold water until cool and the chloro- 
form is then added to extract the color due to the indoi or skatol. 
After thorough shaking the tubes are allowed to stand at room 
temperature until compared with the standards. Unnecessary 
delay at this point should be avoided as the color changes some- 
what and decreases in intensity after some hours. The standards 
are prepared from standard indol and skatol solutions prepared in 
exactly the same way. Such solutions were conveniently pre- 
pared from stock alcoholic solutions containing 80 mgm. indol or 
skatol per 100 cc. These stock solutions when tightly stoppered 
retained their full strength for several months at least. On the 
other hand a word of caution is necessary in the case of dilute 
aqueous solutions of indol, for it was found that such solutions 
deteriorated very rapidly and ii used at all had to be freshly 
prepared each day. If the color is found to be too intensely red 
to read accurately, it is desirable to add a further measured 
volume of chloroform until a clear pink color is obtained in 1 ce. 
of the extract. It is also possible to dilute the reserve test 
solution with water and then apply the test to the aliquot. 
Both methods are equally satisfactory as proved by laboratory 
tests. The amount of indol present in the 5 cc. test solution to 
be satisfactorily estimated, should not exceed about 10 micro- 
milligrams. 


TECHNIC RECOMMENDED FOR INDOL AND SKATOL DETERMINATION 
IN BACTERIAL CULTURES 


Materials 


1. Dunham’s pepton solution: 10 grams pepton; 5 grams 
NaCl: 1000 cc. tap water. Reaction neutral (pH 7.0). 
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Tube 10 cc. per tube and sterilize. Since pepton occasion- 
ally contains indol, checks should always be made on the 
media. 

2. Concentrated C. P. HCl. 

3. Ethyl ether U.S. P. 

4. NaOH (2.5 per cent solution) for washing ether extract in 

separatory funnel. 

5. Dilute HC] (10 ce. concentrated C. P. HCl in 200 ec. HO) 

for washing ether extract. 

6. Paradimethylaminobenzaldehyde (2 grams in 100 ec. 95 per 
cent alcohol). 

. CHCl;—U. 8. P. For extracting the indol or skatol. 

. Indol color standards (containing 0.5, 1 and 5 and 10 micromil- 
ligrams indol in 5 ec. H:O). One micromilligram in 5 cc. 
is equal to a dilution of 1:5,000,000 or 0.2 part per million. 

9. HCl for final indol test (600 ec. concentrated C. P. HCl plus 
200 ee. distilled H.O). 
10. Distilled water. 


io 2) 


Method 


Incubate bacteria to be tested for indol production in Dunham’s 
peptone solution, preferably at 37.5°C. for five days. Transfer con- 
tents of culture tube to 250 cc. Fry flask and wash with 40 cc. H,O. 
A current of steam is passed through the culture and 100 cc. of distil- 
late collected. If direct distillation is carried out then make up to 100 
ec. and distil 75ce. Acidify with 2 cc. concentrated HC] (2) and extract 
once with 50 cc. ethyl ether in a 300 cc. separatory funnel and separate 
ether layer. Then wash ether extract in same separatory funnel with 
5 ec. of 2.5 per cent NaOH (4) followed by 5 ce. dilute HCI (5), separat- 
ing the ether layer in each case. Usually these successive washings 
with alkali and acid are unnecessary, though they appear to remove 
phenols and other interfering substances. Add 10 cc. H.O and care- 
fully evaporate the ether on water bath. Divide the water remaining 
into two 5 cc. portions and test for indol as follows: 

Add to one 5 ce. portion in a small colorless test tube 0.5 ec. paradi- 
methylaminobenzaldehyde (6), then 1 cc. HCl (9). Place in boiling 
water for twenty seconds, shake vigorously, then place tube in ice water 
for one-half minute and extract with 1 cc. CHCl; (7). Compare ex- 
tracted red color with that of indol standards prepared in exactly the 
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same manner. Thistest is accurate to 1:25,000,000. It istilso a good 
though arbitrary quantitative method. 

Skatol standards are not usually prepared unless the qualitative test 
is positive, as it is so rarely found. Skatol is indicated in this modified 
Ehrlich test by a pale blue color in the chloroform extract, which becomes 
deeper upon standing. The regular dimethylanilin test for skatol has 
already been described and may be applied to the reserve 5 cc. portion 
of the test solution. 


After perfecting the technic of the indol and skatol tests as 
applied to bacterial cultures, several hundred determinations were 
made using many species of microérganisms derived from a 
variety of sources. Other experiments to ascertain the effect of 
the brand of pepton upon the speed of indol formation were also 
made. The several American peptones and the one imported 
pepton tested for indol content gave entirely negative results, 
though all gave positive tests for tryptophan. Witte’s pepton 
gave by far the deepest color in the tryptophan test as well 
as developing more quickly than the other peptones. Slightly 
higher results for indol as well as more rapid formation was found 
using Witte’s pepton, but the results were sufficiently uniform to 
recommend any of the domestic peptones for indol determina- 
tions. The work of Fellers, Shostrom, and Clark (1924) on 
hydrogen sulfide production by bacteria, showed that the several 
commercial peptones varied greatly as regards the formation 
of hydrogen sulfide. Tilley (1921) has shown this is also 
true in regard to indol formation. A sample of tryptophan 
digest submitted by a domestic firm was found to be entirely 
suitable for use in indol determinations. The use of such tryptic 
digests materially decreases the time necessary to incubate the 
culture. Maximum indol liberation may take place after as 
short a time as twenty-four hours, though for most peptones and 
bacteria a longer period of time appears desirable. It is known 
that after several days certain bacterial cultures containing indol, 
gradually lose their indol content. It was found that the maxi- 
mum of indol liberation occurred in from forty-eight to ninety- 
six hours in Dunham’s pepton solution, whereas a week or more 
was sometimes required where casein, salmon flesh or beef were 
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used. Table 4 contains data on the progressive accumulation 
of indol in cooked salmon media. 

In this experiment the incubation temperature was 37°C., dupli- 
cate tubes being withdrawn at each 48 hour test period. The fact 
that separate tubes were used for the tests aids in explaining the 
variations obtained in the results. Nevertheless with the excep- 
tion of culture 30-A, the results show a rather constant increase 
in indol content up to eight days. The blank determinations for 
indol upon the medium alone gave entirely negative results. 

In order to determine the progressive liberation of skatol by 
bacteria, a skatol-liberating anaerobic clostridium isolated by one 
of the authors (1922), was inoculated in a 2 liter flask of Dunham’s 
solution (pH 7) and incubated under anaerobic conditions at 35°C. 


TABLE 4 


Progressive accumulation of indol in bacterial cultures* on cooked salmon media 





INDOL 
BLANK ON 


MEDIA ALONE 








Culture 26-A|Culture 26-B)} Culture 9-A | Culture 9-B | Culture 30-A | Culture 30-B 


p.p.m. p.p.m. p.p.m p.p.m. p.p.m., p.p.m. 


0.02 0.02 0.3 0.16 1.6 0.02 | 0 
0.12 0.36 0.88 0.72 0.12 0.12 | 0 
Lost 0.88 1.0 1.0 8.0 | 13.0 0 
0.6 4.0 3.6 3.6 4.8 Lost 0 





* All organisms were lactose fermenters of the colon-aerogenes group. 


for thirty days, test portions of 10 cc. being withdrawn from time 
to time. These portions were distilled and skatol determined 
by the dimethylanilin test. No skatol was liberated in twenty- 
four hours, 20 parts per million was formed in 48 hours; 28 parts 
per million in seventy-two hours; and no further increase was 
noted even after thirty days. A repetition of the experiment 
gave very similar results except that an increase in skatol content 
in the culture from 20 to 32 parts per million occurred between 
the ninety-six and hundred forty-four hour testing periods. 

In the course of salmon spoilage investigations, a large number 
of cultures of bacteria from both raw and canned salmon were 
examined by the modified Ehrlich test for their ability to liberate 
indol. Of 249 cultures obtained from raw salmon, 70 were found 
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to liberate indol and 3 skatol, whereas in 57 cultures #nearly all 
spore-forming bacteria) obtained from canned salmon only 9 
liberated indol and none, skatol. Twenty-six additional cul- 
tures isolated from canned crab-meat, clams and fruit (some of 
which was spoiled), showed 6 cultures positive for indol and none 
for skatol. 

A large number of known species of bacteria and other micro- 
organisms were carefully cultured in Dunham’s solution, in- 
cubated from five to seven days at 30°C., and finally tested for 
indol and skatol by the modified Ehrlich and other tests. One 
hundred eleven cultures representing 55 species were thus tested. 
The Ehrlich test as usually made directly upon the bacterial 
culture was compared with the test as performed upon the distil- 
late. Thevanillin (Steensma), Salkowski, and dimethylanilin tests 
were also made direct upon each culture. In the Ehrlich technic, 
attention was paid to the development of the pink color both in 
the untreated culture and in the distillate. The solubility of the 
pink color in chloroform was also noted in all tests made either 
upon the culture direct or upon the distillate. The vanillin 
test was performed in the usual way upon the untreated culture 
using hydrochloric acid. The Salkowski and dimethylanilin 
tests were made in the regular way also, though the former 
was performed only upon the untreated cultures and not upon 
the distillate. The results are given in table 5. 

Comparing first the results obtained in table 5 by performing 
the Ehrlich test upon the culture direct and upon the distillate, 
it was found that all except four of the indol positive cultures 
could be detected by making the test directly upon the culture. 
On the other hand three slightly positive cultures obtained by 
the direct test were found to be negative upon testing the dis- 
tillate. When large amounts of indol or skatol were present it 
could usually be detected by all the methods employed, though 
it was demonstrated to the authors’ satisfaction that small 
amounts of indol were often overlooked when the Ehrlich test 
was made directly upon the culture. In about the same degree, 
the Salkowski and Steensma tests failed to detect small quantities 
of indol or skatol when the untreated culture was used for the 
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test. The turbidity, varying hydrogen-ion concentrations and 
interfering substances probably account for most of the in- 
accuracies obtained by testing the untreated culture. None of 
the 18 aerobic spore-forming bacteria tested, liberated indol or 
skatol; similarly, 4 cocci, 2 yeasts and 2 molds liberated no indol 
from pepton under the conditions of the experiment. The 
principal indol liberating bacteria are those of the colon-aerogenes 
and proteus groups. Several organisms like P. vulgaris, Bact. 
dysenteriae, Bact. aerogenes, and Bact. paratyphosum B apparently 
vary as to their ability to form indol from pepton, some cultures 
and sub-species being positive and others negative. All cultures 
were tested for skatol by the dimethylanilin test. All were 
negative with the exception of Cl. skatol n. sp. which was strongly 
positive. 

On the whole the vanillin (Steensma) test was least satisfactory 
for it gave many positive results which could not be confirmed 
by other tests. One reason for this is that the color produced 
is read directly without extraction by any solvent as in the Ehr- 
lich test. It is also believed that interfering substances are often 
present in bacterial cultures which give orange or red colors 
with the reagent, thus making the test less accurate and reliable. 
The chief use of the Steensma vanillin test is in its confirmatory 
value. When used alone it is unreliable. The Salkowski test 
is suitable where large amounts of indol are present, but it is not 
sensitive enough for ordinary purposes. Furthermore the pro- 
duction of a color closely resembling the indol-red color results 
when acid alone or acid plus sodium nitrite are added to indol- 
acetic and indol-propionic acids. When the Salkowski test is 
performed upon the distillate, however, it is much more sensitive 
and reliable, though it hardly compares with the modified Ehrlich 
technic in these respects. It is recommended mainly as a con- 
firmatory test. 

SUMMARY 


1. A critical review of the literature on the indol reaction as 
applied to bacterial cultures has been compiled. 

2. The Ehrlich, vanillin, Salkowski, §-naphtho-quinone, di- 
methylanilin, Konto, nitroprusside, Gnezda, furfural, glyoxylic 
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acid, methyl alcohol, Baudisch and other tests for ‘ndol and 
skatol were carefully studied and compared for reliability, ac- 
curacy, simplicity and practicability. 

3. The Ehrlich test was found to give the best results. A 
suitable technic for performing the test was worked out with 
excellent results when applied to bacterial cultures. It was found 
that not only the Ehrlich but most other indol and skatol tests 
when applied directly to the liquid medium did not yield con- 
sistent nor accurate results particularly when only small amounts 
of indol or skatol were present. 

4. It was found necessary to distil the culture and make the 
tests upon the distillate. By the use of standards prepared from 
pure indol or skatol the technic may be made quantitative. 
Small quantities of indol may be detected by this method which 
are entirely overlooked when testing the culture direct. Indol 
acetic acid and other interfering substances which are often 
present in bacterial cultures do not seriously affect this test. 
Steam or direct distillation may be used. Satisfactory recoveries 
of indol are obtained by either method of distillation. Pre- 
cautions in carrying out the technic were carefully worked out and 
must be closely followed if quantitative results are sought. 

5. The test is accurate to 1 part to 25,000,000. 

6. In the characterization of bacterial species it is recom- 
mended that the indol and skatol tests be applied quantitatively 
and following an approved technic. The present chaos sur- 
rounding the indol test in bacteriology is largely attributable to 
the diversity of methods, tests, mediums and many other variable 
factors. 

7. The dimethylanilin test for skatol as described in this paper 
is recommended as the most satisfactory reaction for this sub- 
stance. The test should be made upon the distillate otherwise 
it may give negative results. Of 53 species tested for skatol only 
one, Cl. skatol n. sp. gave positive results. The Ehrlich reaction 
also serves as a valuable indicator of skatol. 

8. It is not safe to rely upon the production of a red color in 
the culture tube as a positive indol test regardless as to whether 
the test be the Ehrlich, vanillin or Salkowski, unless the color is 
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pronounced and soluble in chloroform. Although distillation 
by steam or directly requires a little time, yet it has been found 
that once the apparatus is set up, the tests may be run very 
expeditiously. It is believed that the quantitative and reliable 
nature of the results obtained are more than sufficient justification 
for the use of such a method. 
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INTRODUCTION 


Since 1921 numerous researches from this laboratory (Lipman, 
Waksman, and Joffe, 1921; Waksman and Joffe, 1922 a and b; 
Joffe, 1922 a, b and c; Waksman, 1922 b, ec and d; Waksman and 
others, 1923; Waksman and Starkey, 1922, 1923; Allison, 1923; 
Lipman, 1923) have been concerned with the physiology of an 


unusual autotrophic sulfur-oxidizing bacterium called Thio- 
bacillus thiooridans,? first isolated by Waksman and Joffe (1921 
aandb). This is but one of numerous sulfur-oxidizing bacteria 
found in nature some of which are colorless while others are 
colored, filamentous, or short rod forms. Some secrete elemen- 
tary sulfur within the cells and others do not (Diiggeli, 1919; 
Waksman, 1922 a). 

Thiobacillus thiooridans Waksman and Joffe, is one of several 
non-filamentous bacteria not accumulating elementary sulfur 
within the cells. Thiobacillus thioparus Beijerinck, oxidizes thio- 
sulfate, tetrathionate, sulfides, and sulfur (Nathansohn, 1902; 
Beijerinck, 1904 a and b; Jacobsen, 1912, 1914). Sulfur is quan- 
titatively oxidized to sulfate from sulfur, but some sulfur is 


1 Paper No. 189 of the Journal Series of the New Jersey Agricultural Experi- 
ment Stations, Department of Soil Chemistry and Bacteriology. 

*In a previous paper (Waksman and Starkey, 1923) the generic name Sul- 
jJomonas was used. Since that paper was written attention has been called to the 
fact that Orla-Jensen’s suggestion for changing the name of Thiobacillus to 
Sulfomonas was not justified, therefore the term Thiobacillus should be retained. 
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precipitated during the oxidation of thiosulfate, tetrathionate, 
or sulfides. Thiobacillus denitrificans Beijerinck, oxidizes thio- 
sulfate and sulfur under anaerobic conditions using nitrate as 
the source of oxygen (Beijerinck, 1904 a and b; Lieske, 1912: 
Gehring, 1915). Both of these organisms are strictly autotrophic; 
that is, development is normal where no organic compounds are 
introduced into the media and the sole source of carbon for 
metabolic processes is carbon dioxide (dissolved). A species of 
Thiobacillus studied by Trautwein (1921, 1924) and Klein and 
Limberger (1923) closely resembles Thiobacillus denitrificans in its 
autotrophic nutrition, but lives as well heterotrophically. All of 
the above forms other than Thiobaciiius thiooridans develop under 
neutral or alkaline conditions. Unlike any of the other forms, 
Thiobacillus thiooxidans makes no development in synthetic 
media under neutral or alkaline conditions, but shows normal 
rapid growth at an extremely acid reaction. When freshly 
isolated, however, it may grow in neutral and even slightly 
alkaline media. In fact, this bacterium is distinctive in that it is 
able not only to tolerate, but to produce higher concentrations of acid 
than any other living organism yet known. Further, this acid is 
mineral and not organic. 

With the exception of Brown’s studies (1923) no work has been 
reported outside of these laboratories concerning oxidation of 
sulfur by pure cultures of organisms similar to Thiobacillus 
thiooxidans. If not identical with this bacterium, the organism 
studied by Brown is very closely related. Physiologically, they 
react qualitatively in very much the same manner. The main 
difference is apparently the appearance of growth in solution 
media. Thiobacillus thiooridans shows a characteristic greyish 
turbidity even in three days which increases in intensity as growth 
proceeds. The organism studied by Brown showed practically 
no turbidity. It may be demonstrated later that this organism 
is another strain of the one isolated at this laboratory. At least, 
Brown’s organism much more closely resembled Thiobacillus 
thiooridans than any of the other sulfur organisms reported to 
date. 





THIOBACILLUS THIOOXIDANS 


HISTORICAL 


Thiobacillus thiooxidans develops only on strongly elective 
media using elementary sulfur or sodium thiosulfate as sources of 
energy. The presence of some organic compounds in the medium 
is not injurious even in considerable amounts and may even be 
stimulating, but growth does not occur in organic media in the 
absence of inorganic sulfur (Waksman and Starkey, 1923). 
As oxidation of the sulfur proceeds, sulfurie acid accumulates 
and the medium increases in acidity. When calcium phosphate 
is added in the medium, crystals of calcium sulfate (gypsum) are 
produced in abundance, as growth progresses, by the reaction 
between the phosphate and the sulfuric acid produced. It has 
been definitely demonstrated (Waksman and Starkey, 1923 
that the oxidation of sulfur to sulfate is quantitative and no 
intermediate oxidation products of sulfur accumulate. 

The source of energy for growth is principally the oxidation of 
elementary sulfur, but thiosulfate is also oxidized. Oxidation of 
sulfur is exothermal and considerable energy is liberated by the 
formation of sulfuric acid. 


28 + 2H,0 + 30, ——> 2H,SO, + 283.6 Cal 


2 X 69.0 2 X 210.8 


From this reaction, 141.8 Cal. are liberated from one gram atom 
of sulfur. 

In the presence of small amounts of sodium thiosulfate (0.5 
per cent) oxidation proceeds by the following reaction (Waksman 
and Starkey, 1923): 

Na,S,0; + 20, + H,O ——> Na,SO, + H,SO, + 216.4 Cal II) 
258.0 69.0 332.6 210.8 


According to this reaction, 108.2 calories are liberated from one 
gram atom of sulfur in the form of thiosulphate. 

Oxidation is aerobic and the source of carbon is carbon dioxide 
from the atmosphere. Consequently, considerable amounts of 
oxygen and carbon dioxide are indispensable to growth and oxi- 
dation. 
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The organism is remarkably tolerant to high concentrations of 
certain inorganic salts (Waksman and Starkey, 1923). Magne- 
sium sulfate did not inhibit oxidation even in concentration of 20 
per cent. Sodium and calcium were somewhat more toxic, but 
some oxidation took place in concentrations of 10 per cent of salts 
of both of these cations. As good growth occurred at 1 per cent 
as in the absence of these salts and oxidation was rapid at 5 per 
cent. Sulfates and chlorides are injurious only at high concen- 
trations. 


EXPERIMENTAL METHODS 
Cultural. In the following investigations a solution medium 


of the following composition has been used unless modifications 
are indicated in the text: 


LEE RE aR OT TE ee CT ee ET EEE Poa Tae 100 cc. 
{Sulfur Soe en ae a ek abe tee, wide gel 1.0 gram. 
ceva Kckd ee men eet eiaganehe sures alba ee wees 0.5 gram 
ee Saati, re ae a ein ewe eee ......-0.02 to 0.04 gram 
ee a ee ee So rrr Fe 
a a cl es ee SS ee 0.025 gram 
CR ode ce dete ole seek pa eh emanate aee-es ....-0.05 gram 
i a ae er dead dab aedinwe 0.001 gram 


The sulfur was weighed separately for each flask and the mineral 
solution added to it. The flasks of media were sterilized in flow- 
ing steam for one-half hour on three consecutive days. When 
used as the source of energy in place of the sulfur, the thiosulfate 
was sterilized separately in solution and added to the individual 
flasks of sterile mineral solution in the desired amounts. For the 
experiments on carbon assimilation particular precautions were 
taken to free the media from contaminating carbon. The water 
used for preparing such media was distilled with chromic acid 
and barium hydroxide to remove the carbon. The glassware 
was cleaned with a solution of potassium bichromate in sulfuric 
acid. In most cases, 250 ec. Erlenmeyer flasks containing 100 ce. 
of the medium were used. For the carbon assimilation studies, 
1 liter Erlenmeyer flasks containing 300 cc." of medium were 
used. All cultures were incubated at 26 to 28°C. 
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Analytical. The reaction changes in the media were followed 
by measuring the acidity by titration and determining the hydro- 
gen-ion concentration. For the first method, 5 ec. of the culture 
were titrated with 0.1 N sodium hydroxide, using phenolphthalein 
as theindicator. ‘Titer’ designates the cubic centimeters of 0.1 
N sodium hydroxide to neutralize 5 ee. of culture. The hydro- 
gen-ion concentration was determined by means of Clark and 
Lubs’ indi¢ators. Comparisons of the colors of the cultural 
solutions were made with the colors of a series of standard buffer 
solutions. The hydrogen-ion concentration has not proved 
an accurate measurement of oxidation in the cultures. This is 
due to the fact that the reaction rapidly drops below pH 1.2 and 
at the acid range slight changes in the pH indicate considerable 
changes in acidity. In most instances titration and sulfate 
determinations have been made in preference to determinations 
of the hydrogen ions. 

Sulfates were determined by the usual gravimetric method. 
The sulfates were precipitated in a hot solution with barium 
chloride. This precipitate was filtered off, washed, ignited, and 
weighed. 

Total carbon in the media was determined by a wet combustion 
method explained in detail in another place (Waksman and Star- 
key, 1923). The carbon in the medium was oxidized to carbon 
dioxide by permanganate in an acid solution, aerated into stand- 
ard barium hydroxide, and determined by titration with oxalic 
acid. 

EXPERIMENTAL RESULTS 


Rate of oxidation of sulfur at different stages in the process 


The course of the reaction of the cultures in ten one-liter flasks 
ras followed by determining the acidity by titration. At inter- 
vals, 25 ec. of the culture were withdrawn from each flask. The 
portions from the ten flasks were mixed together, put through fil- 
ter paper and divided into 60 ec. portions in 100 ec. Erlenmeyer 
flasks each containing 1 gram of sulfur. The course of the reac- 
tion was then followed in the cultures in these small flasks at 
intervals of a day or more. The culture in the 1 liter flasks is 





TABLE 1 
Rate of oxidation of sulfur in solution cultures 
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termed “‘mother culture” and the cultures in the small flasks “‘sub- 
cultures.’ Eight series of sub-cultures were started from the 
mother cultures from two to thirty-six days after the mother 
cultures were first inoculated. 

If oxidation proceeded with equal rapidity in all of the sub- 
cultures per unit time it could be concluded that the oxidation of 
sulfur proceeds with equal rapidity throughout the process. 
Further, if the velocity of oxidation was not the same in all the 
sub-cultures the stages of maximum and minimum velocity would 
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Fic. 1. VeLociry or OxIDATION oF SuLrur AT DIFFERENT STAGES 


be indicated. The data are presented in table 1 and figure 1. 
Only averages of the mother and sub-cultures for each interval 
are given. In figure 1, the curve represents the course of oxida- 
tion in the mother cultures. The block figures represent the in- 
creases in titers of the sub-cultures for a period of incubation of 
twelve days. 

It is apparent that the course of oxidation in the mother cul- 
tures takes the form of a growth curve when expressed graphically. 
This was brought out earlier by Waksman and Joffe (1922 a) 
The block figures are inserted on the curve at the intervals in the 
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process when the sub-cultures were started from the mother 
culture. The amount of oxidation per unit of time is greatest in 
the early stages of the process following a short lag period and de- 
creases as the culture ages, the most rapid oxidation occurring 
one or two days after the culture becomes inoculated. This is 
not apparently due to any attenuation of the organism or to the 
accumulation of any toxic organic metabolic products, but rather 
to the accumulation of sulfuric acid. This conclusion is further 
substantiated by other results (Waksman and Starkey, 1923) 
which indicate that oxidation is retarded in media initially con- 
taining considerable quantities of sulfuric acid. 

Sub-cultures from the mother culture, after oxidation had 
almost ceased in the latter, gave considerable oxidation due to the 
introduction of fresh sulfur. As oxidation progresses in any 
culture the sulfur becomes submerged in the medium, practically 
all of the sulfur sinking after two weeks or more. Oxidation is 
considerably retarded when the sulfur is not suspended on the 
surface of the medium. Consequently, the addition of fresh 
sulfur to the surface accelerates the process of oxidation. The 
factor of variability in the amounts of sulfur suspended on the 
surface at different stages of the process is eliminated by intro- 
ducing the same amount of sulfur in each of the sub-cultures. 
It can be concluded that oxidation is much more rapid the first 
week than after that time. All of the sub-cultures reached about 
the same acidity after incubation for twelve days having titers 
from 19.67 to 24.97. This would be equivalent to 0.4 to 0.5 
normal acid. If the source of energy (sulfur) could be continu- 
ally supplied in an available state and the end product (sulfuric 
acid) removed, it is probable that oxidation would proceed uni- 
formly for a considerable period of time. 


Influence of initial acid concentration on oxidation and growth 


Oxidation proceeds most rapidly between pH 2.5 and 3.5 
(Waksman and Starkey, 1923) although oxidation of sulfur is 
very rapid over a very much wider range. Above 6.0 there is 
practically no oxidation of sulfur in the culture medium by this 
bacterium. Oxidation was feeble in a medium initially con- 
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taining 5 per cent sulfuric acid and in the presence of 10 per cent 
acid oxidation did not start. However, in cultures initially re- 
ceiving no addition of sulfuric acid, as high as 10.2 per cent or 
2.08 normal acid has been produced by the organism. As the 
organism increases the acidity of the medium it may become 
adjusted to the high concentrations. When the organism is 
inoculated from a relatively dilute culture to the concentrated 
medium it may not survive the shock. 

With regard to the tolerance of the organism to extremely high 
acid concentration certain statements by Falk (1923) may be 
applicable. 


There are probably very few groupsof animal or plant forms 

whose physiologic indifference to marked changes in osmotic pressure 
equals that of bacteria. It is perhaps safe to say that within limits 
which would be fabulous and astonishing for nearly any other form of 
actively metabolising protoplasm, the bacteria are commonly indifferent 
to changes in osmotic pressure. . . . . The indications seem clear 
that we do not know the osmotic pressure of bacterial protoplasm, 
whether it has a fixed value for any one or for different species, or 
whether it has true physiological significance. 


It has been demonstrated (Waksman and Starkey, 1923) that 
there is a constant relationship between the amount of sulfur 
oxidized to sulfate and the amount of carbon assimilated from 
carbon dioxide to organic forms by the organism by the energy so 
liberated. This proportion has been expressed as the sulfur- 
carbon ratio and was found to be 31.82 under conditions favor- 
able for growth. It has further been estimated that under these 
conditions about 6.7 per cent of the energy liberated from the 
sulfur had been used for synthesis of the organic compounds from 
carbon dioxide. 

In table 2 results are presented concerning the assimilation of 
carbon by the organism in media containing relatively high 
initial concentrations of sulfuric acid. There was considerable 
oxidation of sulfur in media initially containing both 1 and 5 per 
cent sulfuric acid. There was somewhat less oxidation and con- 
siderably less carbon assimilation at the higher concentration. 
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At the lower concentration the average sulfur-carbon ratio was 
36.62. In 5 per cent acid the ratio was somewhat higher, 42.97. 
Both of these ratios are considerably higher than for oxidation 
in the normal medium. A high ratio indicates less economical 
utilization of the energy liberated. It would be expected that 
the ratio would therefore be high under unfavorable conditions. 
It has been shown that conditions are unfavorable in the presence 
of considerable amounts of acid, more so at the higher concentra- 
tions. The high sulfur-carbon ratios under these conditions 
seem to bear out this point. 


Oxidation and growth in the presence of different amounts of 
thiosulfate 


Large amounts of sulfur in the medium have no injurious effects 
on oxidation but greatly accelerate the process instead (Waksman 
and Starkey, 1923). The relationships observed indicate that the 
velocity of oxidation is closely proportional to the logarithm of 
the amount of sulfur present. Since sulfur is only very slightly 
soluble in water, small amounts of sulfur would create a saturated 
solution. The increase in velocity of oxidation with increasing 
amounts of sulfur in the medium is probably due to the increased 
surface of the sulfur exposed to the organisms. The portion of 
the total surface of the sulfur particles exposed to the solution is 
greatest when the amount of sulfur added is small and is not pro- 
portional to the amount of sulfur in the medium. This may 
explain why the increase in velocity of oxidation is not propor- 
tional to the amount of sulfur added. 

In the presence of soluble sources of energy the relationships 
are quite different. This is evidenced in cultures containing 
sodium thiosulfate as the source of energy (table 3). Oxidation 
is rapid up to a certain concentration beyond which oxidation 
ceases. Oxidation proceeds quantitatively to sulfate in the pres- 
ence of moderate concentrations of thiosulfate (0.5 per cent) 
and this is accompanied by a corresponding increase in acidity 
(Waksman and Starkey, 1923). In media containing 1 per cent 
or more of sodium thiosulfate, intermediate oxidation products 
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accumulate. Oxidation by Thiobacillus thiooridans apparently 
proceeds directly to sulfate and tends to increase the acidity 
(reaction II, page 137). Sulfur is chemically precipitated from 
thiosulfate by mineral acids. Such a precipitation has been 
repeatedly observed in cultures containing high concentrations of 
thiosulfate. In the precipitation of this sulfur, sodium ions are 
released from the thiosulfate, the free acid is neutralized, and the 


TABLE 3 


Concentration of thiosulfate and oxidation of sulfur 





ee TITER AFTER pH arree S aS SULFATE AFTER 

TRATION 7 air 
OF THIO- . 21 38 - P be After F After 
BULFAT , i 36 days 7 days subtract- 36 days subtract- 

cays says days | days ing control ing control 

per c 4 mom. mgm. mym. mgm. 
0.10* | 1.20 4.6 18.123 

0.10 | 1.60 | 1.75 | 1.90 | 2.5 45.309 | 27.186 

0.10 1.60 | 1.75 | 1.90 | 2.5 45.584 27.461 

0.25* | 1.20 4.7 21.007 

0.25 1.3 2.50 | 2.75 | 4.2 41.190 20.183 

0.25 1.20 | 2.50 | 2.70 | 4.5 37.071 16.064 

1.00* | 1.20 4.8 27. 460 

1.00 1.20 | 6.20 | 6.90 | 4.6 | —1.2 | 82.380) 61.373 | 328.146 | 300.686 
1.00 1.20 | 5.70 | 6.85 | 4.6 | —1.2 83.203 62.196 | 336.385 | 308.925 
3.00* | 1.15 4.8 41.190 

3.00 1.20 | 1.25 (13.10 | 4.6 |, —1.2 | 285.313 | 257.853 | 820.367 | 779.177 
3.00 1.20 | 1.25 |12.30 | 4.6 | —1.2 | 112.585 85.125 | 806.640 | 765.450 
10.00* | 1.10 5.2 

10.00 | 1.15 | 1.20 | 1.30 | 5.2 

10.00 | 1.15 | 1.20 | 1.25 | 5.2 

25.00* 0.90 5.4 

95.00 0.95 0.90) 1.05 | 5.4 

25.00 0.90 | 0.90 | 0.95 | 5.4 





* Uninoculated controls; all others inoculated. 


reaction of the medium does not become acid. As shown in table 
3 considerable sulfate is produced at rather high concentrations 
of thiosulfate and there is no change in reaction, but precipitation 
of sulfur ceeurs. Later, after the thiosulfate has all been decom- 
posed, the reaction becomes acid by oxidation of the sulfur precip- 
itated in the medium. It was only after twenty-one days that 
any appreciable change in reaction took place in the cultures 
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containing 3 per cent thiosulfate although considerable sulfate 
had been produced. The rate of the disappearance of thiosulfate 
in the cultures is, therefore, much more rapid than is the increase 
in acidity or production of sulfate. Eventually, all of the sulfur 
originally contained in the thiosulfate appears as sulfate. No 
growth took place in media containing 10 per cent thiosulfate 
although good oxidation occurred at the concentration of 3 per 
cent. 

Sulfur precipitation has been repeatedly noticed during the 
process of oxidation of thiosulfate by Thiobacillus thioparus, 
Nathansohn (1902) believed that this precipitation was the result 
of secondary reactions, but Beijerinck (1904 a and b) empha- 
sized that it was a result of primary oxidation. He, therefore, 
concluded that the liberation of energy from thiosulfate must 
occur outside of the cells of the bacteria. The fact that the 
sulfur is precipitated without the cell in itself would seem to 
indicate that the precipitation was the result of some secondary 
reaction. It seems unlikely that an organism could utilize the 
energy liberated under such conditions. Whether this secondary 
reaction is the same in cultures of both Thiobacillus thioparus 
and Thiobacillus thiooxidans is not certain since the media have 
different reaction=, media for Thiobacillus thioparus being alkaline. 

Lieske (1912) has determined that oxidation of sulfur and sulfur 
compounds by denitrifying organisms occurs in stages and is not 
direct. This evidence itself indicates that the reactions involved 
in the oxidation processes are not so simple as might be supposed, 
judging from the end products of the rapid transformations. 

The results concerned with the assimilation of carbon in the 
presence of 0.5 and 1 per cent thiosulfate are presented in table 4. 
In the presence of 0.5 per cent thiosulfate the reaction became acid 
but in cultures containing 1 per cent of the salt the reaction did 
not change appreciably in nineteen days. There was an accumu- 
lation of sulfate in both instances. The sulfur-carbon ratios 
varied to such an extent that the differences between the averages 
of the ratios at the two concentrations was not significant. The 
average ratios in the presence of 0.5 and 1 per cent thiosulfate 
were 64.60 and 51.53 respectively. These are nearly twice és 
great as in the oxidation of sulfur. 
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According to reaction II on page 137, 108.2 calories are liberated 
for each gram atom of sulfur in the form of thiosulfate which is 
oxidized to sulfate. Assuming that oxidation proceeds according 
to this reaction, the proportion of the total energy available, which 
is utilized to assimilate carbon, was 4.31 per cent in the lower 
concentration and 5.40 per cent in the presence of 1 per cent 
thiosulfate. According to these figures, the energy utilization 
from thiosulfate is much less economical than from sulfur. 

Lieske (1912) found that 10.9mgm. of carbon were assimilated by 
Thiobacillus denitrificans with the oxidation of 1 gram of Na,S8,O;- 
5H,0 to sulfate. The sulfur-carbon ratio in this instance would 
be 23.7 (?). The economy of the assimilation of the energy 
liberated by the oxidation of sodium thiosulfate according to 
this ratio would be considerably greater than the economy of 
Thiobacillus thiooridans. Further, Thiobacillus thiooridans 
utilizes atmospheric oxygen while Thiobacillus denitrificans uses 
oxygen from nitrates. Considerable energy would be consumed 
in the reduction of nitrate. From the results of Lieske, the 
denitrifying sulfur organism is comparatively economical in its 
utilization of the energy available for carbon assimilation. 


Influence of concentration of phosphates on oxidation and growth 


The organism seems quite tolerant to rather high concentrations 
of phosphate (Waksman and Starkey, 1923). Oxidation was 
not depressed in the presence of 3 per cent sodium or potassium 
phosphate. The concentration limiting oxidation was not found 
at 7 per cent although oxidation was considerably depressed. 
Even 10 per cent calcium phosphate did not completely inhibit 
oxidation. 

The economy of the assimilation of carbon in media containing 
large amounts of soluble phosphates was investigated (table 5). 
The medium containing 0.3 per cent phosphate is the normal 
medium. At all concentrations (0.3, 1.36, and 5.45 per cent 
oxidation and growth were rapid as indicated by the acidity, 
sulfate production, and carbon assimilation. In the normal 
medium the sulfur-carbon ratio was practically the same as 
determined earlier, 31.75. In the 1.36 per cent solution the ratio 





PI'IE Sl O08 | SI 99E Lz COE Lvl GI | GOS FL | SEE HI | S9E'ST | OL'ZE S'T 8c 























— om a anion a yayRINe | 
16°66 | O08 661 68 GCS LZ LES 0s9 9 899 6 IFO 6 OL 66 FZ a e tgp ’ 61 
hed e€ | 20 201 91 S$ZI | C8 2Ze1 | | 290° £c6'¢ | Oc9'S | OS GZ ies | shined’ Ol 
| | | | | 
| | | | | ]013Uu09 
| | ooo | | 60°92 | GOL‘% | $89°% | ez2'% | 00°02 FF | quoo sod cpg | z 
aa. | | | 
10 FE FS 9¢ 60° 6F SEC | | C6I ST | SEL'ST | Eh ST | SES*ZT | OF 12 iZ'I : | 62 
nt 66 FE | SS ZI¢ | 86 O&S G LS9 FI | OOO'LZI | OFZ°LZI | OLF'Z OZ 1G |F'T Bh pp, | 12 
id IS | FZ°1Sh | 1 OFF | 28 | 6991 | ZIS"SI | G60°ST | Gz6'ST | $6°6I \z"1 wn eel & 
2 | 
. | | jo1juo9d 
: | 98°02 | 92 0% £t6'% | IZ | 149°% | 02'S La juve Jad ge, | | 
ol 
. _is Ca > “se | > <* | — c » vi 
és SL IE ISIE 6F Stt I8 2¢t SE OOF | £6 SSh | OST'ET | IZF OT | 9S LT | OIF'ST | 06ST |e I- poyernoour a 
: ££'0€ | FO ISF | 96°09 oL 10¢E | 61°90¢ | ISS ST | 20261 | GOS'GT | SS°L£T ie jud0 Jed gy] Fy 
ice] | | | 
2 | | JO1},uU090 
TE ZZ 6 aa | Ice | 86'S | OOS | SII jot jus wed EO] OQ 
| “mum wmlu udu wmiu “mou *wmlu ual mb Had | 
[O1}U00 | JorU00 
osu ainjjno But 2 
“AY | 18g 4ovnqns | Hey é I que eee. é I Nota 
ayV IMs uals LNUWLVa"L vencms 
O/8 99 001 NI S SV ‘GLV41I8 IVLOL OO] NI SV‘) TV¥L04 | —_ 


"Od*HM fo s uO UjT iju ,IUDI fo pIuUD rd Y) ul UOLD) »anfyng 





$ DIaVL 


150 









THIOBACILLUS THIOOXIDANS 151 


was somewhat higher, 34.01. It was expected that the ratio 
would be still greater in 5.45 per cent phosphate since oxidation is 
depressed at that concentration as shown in table 5 by the 
comparative amounts of acid and sulfate produced. The ratio 
was 31.14, practically the same as in the lower concentrations of 
phosphate. Apparently phosphates do not appreciably alter the 
normal metabolism of the organism even in 5.5 per cent 
concentration. 

Since phosphates did not seem injurious, Joffe (1922 a, 1923 a) 
was of the opinion that gypsum was the factor which retarded 
oxidation in composts. This seems quite improbable. Less 
than 0.75 per cent of gypsum is soluble in even 20 per cent phos- 
phorie acid. The sulfate radical is one of the least toxic anions. 
The calcium ion exerts no appreciable toxic effect in concentra- 
tions less than one per cent. Since less than 0.6 per cent gypsum 
is soluble in 5 per cent phosphoric acid, it seems highly probable 
that the retarding effects of phosphates would be decidedly 
pronounced long before any slight depressive effect would occur 
from gypsum. 


The effects of some inorganic cations used as stimulants 


Waksman and Joffe (1922b) and Joffe (1922a) found no 
appreciable stimulation to sulfur oxidation from many organic 
and inorganic compounds tested. Joffe (1923 b) however, re- 
ported that some inorganic compounds greatly increased the 
velocity of sulfur oxidation. Hotchkiss (1923) observed stimula- 
tion to growth of B. coli from very small amounts of chlorides of 
Ce, Hg, Ni, Pb, Sn, Ti, and Zn. Investigations were conducted 
with some of the compounds which were apparently most stimulat- 
ing in Joffe’s experiments. It was of interest to know what 
effects stimulants would have on the sulfur-carbon metabolism 
of the organism and the intentions were to investigate this 
question if marked stimulation could be produced. 

Compounds of zine, caesium, nickel, lead, tin, and mercury 
were used. ‘The concentrations in which these compounds were 
studied in the media are given in table 6 as p.p.m. of the elements 
and not of the compounds. Calculated amounts of stock solu- 
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tions of these compounds were added to the sterilized sulfur 
media. The results in table 6 may indicate a significant stimula- 
tion from some of the cations, but this is not appreciable. Mer- 
curi¢c ions were distinctly toxic to oxidation in 0.05 p.p.m. and 
growth was temporarily inhibited at 0.25 p.p.m. The behavior 
of Thiobacillus thiooxidans seems different from that of Bact. coli 
since Hotchkiss noted stimulation to Bact. coli with 0.22 p.p.m. 
of mercury in the form of mercuric chloride. If any of the cations 
were stimulating this was the case with zinc, caesium, and lead 
compounds, in the low concentrations (2 p.p.m. for Zn and Pb, 
10 p.p.m. for CS). Higher concentrations, (10 for Zn and Pb, 50 
for CS) of these compounds, retarded oxidation. The higher con- 
centrations were more toxic than the lower concentrations in 
every instance but one—in the case of 10 p.p.m. of tin as stan- 
nous chloride. This result is apparently erratic. One of three 
cultures receiving the same treatment was considerably more 
active than either of the other two. In another series the stimu- 
lating effect of the stannous chloride was not apparent. 

No such stimulation to oxidation has been observed in these 
experiments as that reported by Joffe (1923b). He indicated 
that toxie effects of nickel began only at 400 p.p.m. In these 
experiments, 25 p.p.m. distinctly depressed oxidation, particu- 
larly in the early stages of the process. 

After incubation for fourteen days, cultures were transferred 
to fresh sterile media containing the same concentrations of the 
compounds as the initial cultures. No increases in oxidation 
over the initial cultures were noted in the transfers that could be 
ascribed to the cations used. The results obtained did not war- 
rant further investigations in this direction. 


Oxidation of some forms of sulfur differing in physical composition 


Rhombie sulfur which has passed through a 60 mesh sieve has 
been used in practically all cases. In the experiments of table 7 
sulfur was used in three different forms. The rhombic sulfur was 
similar to that usually added to the medium. The precipitated 
sulfur was prepared in the usual manner by precipitation from 
sulfides by mineral acids. This sulfur was very finely divided. 
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The “amorphous” sulfur undoubtedly contained some rhombic 
sulfur. In its preparation, sulfur was melted, rapidly cooled and 
ground to a fine powder after becoming brittle. This sulfur was 
probably the coarsest of the three but was all passed through 
a 60 mesh sieve. The sulfur was added in 1 gm. portions to the 
solution of the normal sulfur medium. The relative rates of 
oxidation are indicated in table 7. 


TABLE 7 


Oxidation of sulfur of different ph ysical composition 


TITER AFTER 


PHYSICAL STATE OF THE SULFUR 6 days 11 days 16 days 
a Average ea Average —_ Average 
4 8.10 | 9.10 
3.05 6.45 7.40 
Rhombic* 3. 50 3.69 8.30 8.60 9.80 | 10.22 
4.10 8.75 | 10.20 
3.00 11.40 14.60 
2.95 8.70 12.65 
1.85 7.30 | 2.60 
Precipitatedt...... cocvcesg! 3.76) 3.0} 6.00; 8.7% 3.00 | 13.81 
3. 80 10.30 3.50 | 
3. 60 9.60 15.30 
0.90 6.95 | 8.20 
3.90 | 10.20 11.40 
Amorphous*.....................4| 2.50] 3.04] 6.80] 8.35 | 8.70] 9.98 
3.70 | 9.30 | 11.50 | 
$. 20 8.50 10.10 


*Through a 60 mesh sieve. 
+ Passed through the finest sieve available—over 600 mesh. 


All three forms of sulfur were rapidly oxidized and no very 
striking differences are apparent. It might be expected that the 
precipitated sulfur would become oxidized much more rapidly 
than either of the others due to its very fine state of division and 
the relatively greater surface exposed. No very great differences 
were observed in the early periods of incubation. Precipitated 
sulfur was more available after longer periods due largely to the 
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fact that it remained suspended on the surface of the medium 
much better than either of the other forms. It is reeommended 
as a very desirable form of sulfur for use in the solution media 
for this reason. 


Activity of cultures after long periods of incubation 


An opinion has been held that the organism deteriorates after 
long periods of incubation in solution media. This opinion has 
been partly modified since the organism displayed no attenuated 
activity with prolonged cultivation by continuous transfer in 

TABLE 8 


Activit / of c alt ire after long pe 10das of Li ubation 
TITER AFTER® 
AGE OF CULTURE USED FOR 
INOCULATION 


4 days 9 Jays 

days 
113 3.3: 10.95 
107 2.70 9.15 
98 3.10 8.70 
91 2.80 11.43 
85 2.70 § 83 
$1 2.70 11.08 
71 2.18 12.00 
67 2.20 10.35 
33 2.10 9. 43 
26 2.73 11. 60 
7 4.08 10.80 





* Averages of 2 flasks. Reported as increases over controls. 


the synthetic medium. The present experiment was designed 
to indicate whether cultures deteriorate after long periods of 
incubation. Cultures which had been incubated from seven to 
one hundred thirteen days were inoculated into fresh sterile 
media (table 8). There is no correlation between the activity 
of the bacterium and the period of incubation in the solution 
me dium. 

It has previously been pointed out that the decreasing rate of 
oxidation in aging cultures was probably caused by the accumula- 
tion of acid and was not due to any attenuation of the bacterium. 
This conclusion is further substantiated by the results of this 
experiment. 
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The gaseous environment 


Unlike the denitrifying sulfur bacteria which can obtain oxygen 
from nitrates and carbon from dissolved carbonates, Thiobacillus 
thiooridans requires an abundant supply of both oxygen and 
carbon dioxide. In the absence of either of these gases, growth 
ceases since only small amounts are soluble in the acid medium. 
In this respect the organism is similar to the itrifying bacteria. 
Winogradsky (1904-6, p. 166) states that “ . . . . keine 
Entwicklung des Nitritbildners und mithin keine Nitritation 
ohne freil bzw. halbgebundene Kohlensiure méglich ist.’”” How- 


TABLE 9 


Oxidation under increased and reduced pressure 


INCREASE 
IN TITER a liad 
; oni PER CEN 
TREATMENT pH TITER Pent INCREASE 
oats IN TITER 
ATMO} 
SPHERE 
Uninoculated... , va 4.6 1.18 
’ 2.0 2.33 
Normal atmosphere 19 > 60 
Reduced pressure (90 mm.), 0.12 atmo- 1.7 3.03 0.35 27.3 
sphere...... ' a | 1.9 2.60 
Increased pressure (46 mm.) 0.06 atmo- 1.6 4.20 1.90 148.4 


sphe TO. - 1.5 4.53 
* Incubation period—4 days. 


ever, as Coleman (1908) and Bonazzi (1921) have indicated, once 
acid production by this organism is initiated, sufficient carbon di- 
oxide is liberated from the carbonates to satisfy the carbon require- 
ments without dependence upon atmospheric carbon dioxide. 
In the case of the nitrate formers, atmospheric carbon dioxide 
is indispensable even in the presence of carbonates since there is no 
reaction between the carbonates and the nitrate produced by 
oxidation. Atmospheric oxygen is, of course, required by both 
organisms. 

By increasing the partial pressure of carbon dioxide, the 
rapidity of oxidation of sulfur is hastened (Waksman and 

















THIOBACILLUS THIOOXIDANS 157 


Starkey, 1922). Apparently the amounts of carbon dioxide in 
the normal atmosphere are insufficient for the requirements of 
sulfur bacteria for maximum development. Slightly reduced 
pressure (0.12 atmosphere) has not appreciably affected the 
process. Slightly increased pressure (0.06 atmosphere) accel- 
erated oxidation (table 9). This beneficial effect may be caused 
by the larger amounts of carbon dioxide dissolved in the media 
under increased pressure. 


Temperature 
The organism responds to high temperatures in the same man- 


ner as many other bacteria not producing spores; temperatures 
above 50°C. for even short intervals are fatal. A temperature of 


TABLE 10 
Oxidation of 8 ulfur at diffe rent temperatures 


TITER AFTER 5 aS SULFATE IN 100 Cc. APTER 
TEMPERA- 

TURE 

2 days 4 days 6 days 8 days 3 days 8 days 
°C. mgm mgm 
10-13 0.34 1.15 1.65 2.04 11.81 56.04 
22-23 1.41 4.01 6.61 8 15 72.25 237.62 
26-27 2. 56 5.46 7.91 10.68 112.90 312.06 

2.98 5.35 6.35 7.20 132.96 211.03 


35.5 
55°C. for less than sixty minutes was sufficient to kill all of the 
cells of an active culture. 

The following experiment was performed to disclose what 
effects temperature had on oxidation. After incubating for four 
days, cultures were filtered and divided into 100 cc. portions in 
250 ec. flasks each containing 1 gram of sulfur. The initial cul- 
tures in all cases were therefore uniform. Four of these cultures 
were inoculated at each of four temperatures, 10 to 13°, 22 to 23°, 
26 to 27° and 35.5°C. All cultures developed except two at 
35.5°C. which died out. Initially, the other two cultures at this 
temperature developed very rapidly, but oxidation was retarded 
after incubating for four days. The reactions indicate that this is 
close to the temperature limiting growth. Only averages of the 
four cultures at each incubation temperature are recorded in 
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table 10. Cultures were not incubated at temperatures between 
27° and 35°C. but maximum development would probably occur 
within this range. Lower temperatures retarded oxidation and 
the process was very slow at 10 to 13°C. 


Response to desiccation 


Joffe (1922a) noted that the sulfur bacterium survived short 
periods of drying in soils. However, on several occasions it has 
been observed that soils which previously harbored an active cul- 
ture of Thiobacillus thiooxidans produced no growth when intro- 
duced into the sulfur medium after air-drying. 

In this experiment, the duration of life of the organism in drying 
sulfur and soil was determined. Sulfur was filtered from pure 
cultures of the organism and spread out to dry in the incubator at 
27°C. Periodically, flasks of the sterile sulfur medium were 
inoculated with portions of the sulfur and the moisture content 
was determined upon another sample of the sulfur. Soil which 
had been composted with sulfur for some time and was populated 
with an active culture of the organism was spread out in the 
incubator and treated in the same manner as the sulfur. Flasks 
of the sterile sulfur medium were inoculated from time to time 
with the soil and the moisture content of the soil was determined 
simultaneously. 

Originally, both the soil and sulfur gave rapid oxidation when 
introduced into the sulfur medium. As indicated in table 11, the 
organisms survived for only a short time after desiccation com- 
menced and the duration of life of the bacterium depended on the 
rates of desiccation. Sulfur dried out rapidly and contained only 
0.5 per cent moisture after twenty-four hours at which time the 
sulfur organism had apparently died out since it produced no 
growth in the sulfur medium into which it was introduced. 
The soil dried out more slowly and the life of the organism 
persisted somewhat longer. Small numbers of active cells were 
present after two days at which time the moisture content had 
decreased to 2.3 per cent. After three days no active cells were 
apparently present since the organism failed to develop from the 
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soil in the sulfur medium. The moisture content was between 
1.5 and 2 per cent. 

Some of the desiccated sulfur was introduced into soil free from 
Thiobacillus thiooridans and kept under favorable moisture and 
temperature conditions for several months. At intervals, por- 
tions of this soil were introduced into flasks of the sterile sulfur 
medium, but in no instance was growth observed. 

It seems quite evident that the organism is not resistant to 
desiccation and that a comparatively dry environment is fatal 
in even a short period. Since there was no development of the 

TABLE 11 


> ° , 
Re 8 pOnse to de ssiccalion 


SULFUR SOIL 
— diumin 14 | dium minus preston dium in 4 | dium minus 
eonten os eames content lave | 
0 58.7 + t 11.60 15.2 8.75 
i 39.1 8.90 12.2 ++-4 8.60 
} 11.4 + 17.50 9.4 7.85 
1 0.5 0 5.9 + -+-+4 7.60 
2 0.3 0 2.3 5.35 
3 0 0 
4 0.4 _ 0 1.4 0 
5 0.3 0 1.3 0 
7 0.4 - 0 1.1 0 
11 0.5 0 ca _ 0 


| 
| 
| 





organism in soil which should present favorable conditions for 
growth, it is further apparent that the organism died out and 
was not merely temporarily inactive in the desiccated material. 


SUMMARY 


Investigations have been conducted which were concerned with 
the physiology of the sulfur organism, Thiobacillus thioortdans 
Waksman and Joffe. Some of the results may be summarized as 
follows: 

1. Oxidation is most rapid in the early stages of the process, 
following a short lag period of about two days, and decreases as 
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the culture ages. The decreased rate of oxidation is not appar- 
ently due to any attenuation of the organism, or to the accumula- 
tion of any toxic organic metabolic products, but rather to the 
accumulation of sulfuric acid. When expressed graphically, the 
course of oxidation in solution cultures takes the form of a growth 
curve. 

2. Growth was vigorous in the presence of 3 per cent sodium 
thiosulfate but 10 per cent of this salt inhibited oxidation. In 
the presence of high concentrations of thiosulfate, sulfur is 
precipitated in the medium during growth. The sulfur is 
probably precipitated indirectly and not as a product of the 
primary reaction of the process. With sodium thiosulfate as the 
source of energy, from 50 to 65 parts of sulfur in the form of 
thiosulfate are oxidized to sulfate per unit of carbon assimilated. 
The energy utilized for assimilation of carbon was only 4.3 to 5.4 
per cent of the total energy available. 

3. In the presence of 1 and 5 per cent sulfuric acid, the amounts 
of sulfur oxidized per unit of carbon assimilated were 36.6 and 
43.0 respectively. The efficiency of the utilization of the energy 
available was lower under these conditions than in the normal 
medium. 

4. The sulfur-carbon ratio is not appreciably affected by con- 
centrations of primary potassium phosphate as high as 5.5 per 
cent. In the presence of 0.3, 1.4, and 5.5 per cent phosphate the 
ratios of sulfur oxidized to carbon assimilated were very much 
the same. 

5. No appreciable stimulation to oxidation was observed in the 
presence of small amounts of salts such as zinc, caesium, nickel, 
mercury, lead, or tin. Slight stimulation may possibly be 
ascribed to salts of zinc, caesium, and lead. 

6. Rhombic, precipitated, and amorphous sulfur are all rapidly 
oxidized. Precipitated sulfur is the most readily available of 
the three. 

7. The organism does not deteriorate or become attenuated 
during long periods of incubation in synthetic inorganic solution 
media. 

8. Growth ceases in the absence of either carbon dioxide or 
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oxygen. By increasing the partial pressure of carbon dioxide, 
the speed of oxidation is increased. 

9. Slightly reduced pressure is ineffective on oxidation, but 
slightly increased pressure enhances the process. 

10. Temperatures above 50°C. are fatal to the organism in a 
short time. Maximum oxidation occurs between 27° and 30°C 
Oxidation is retarded at lower temperatures and is very slow at 
10°C. 

11. The organism is not resistant to desiccation and dies out 
readily in the absence of moisture. 
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INTRODUCTION 


In the course of recent investigations the identity of Thiobacil- 
lus thiooridans, Waksman and Joffe, the agent which is responsi- 
ble for the formation of acid in sulfur-rock phosphate-soil com- 
posts has been established and the isolation of this agent has 


been accomplished. Satisfactory methods of cultivation have 
been devised and a number of the physiological characteristics 
of the organism have been determined. It has been demon- 
strated that the organism is autotrophic, that sulfur is rapidly 
oxidized, and that considerable quantities of sulfuric acid 
accumulate. 

By reason of its unusual physiology, the bacterium is outstand- 
ing. Due to the simplicity of the basic reactions involved in its 
nutrition the organism readily lends itself to experimentation. 
The nature of the end product of oxidation is such that this 
biological process may find some practical applications. 

The utilization of organic compounds and inorganic nitrog- 
enous compounds by this bacterium are still somewhat obscure. 
It is the purpose of this contribution to consider some effects 
which these two kinds of compounds may have on the metabo- 
lism of the organism. References to reviews and previous inves- 
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tigations concerned with the biological oxidation of sulfur and 
inorganic sulfur compounds may be obtained from a recent 
contribution (Starkey, 1925). 


EXPERIMENTAL METHODS 


The cultural and analytical methods followed in this work were, 
in general, the same as outlined in preceding papers (Waksman 
and Starkey, 1923; Starkey, 1925). A few other methods of 
analysis have been used in the following experiments. 

Nitrates were determined by the colorimetric phenoldisulfonic 
acid method. The culture solutions were neutralized with 
sodium hydroxide before evaporation. 

Glucose was determined by Bertrand’s method (1906). The 
glucose solution was boiled with alkaline copper sulfate solution 
and the precip’tated cuprous oxide filtered on filter paper. The 
copper oxide was dissolved in ferric sulfate and the resultant 
ferrous sulfate titrated with standard potassium permanganate. 


CARBON NUTRITION 


It has been quite definitely determined (Waksman and Starkey, 
1922, 1923; Starkey, 1925) that the organism makes no growth in 
the absence of carbon dioxide and that organic carbon cannot 
replace carbon dioxide as the source of carbon. In the absence 
of sulfur or inorganic sulfur compounds as sources of energy 
there is no growth. Organic compounds included in media in 
the presence of inorganic sources of energy may undergo some 
changes which are not apparent when they are present as the 
sole sources of energy. Waksman and Joffe (1922b) found that 
glycerol, alcohol, mannitol, and glucose favored oxidation, act- 
ing either as stimulants or playing a part in the structural require- 
ments of the organism. Joffe (1922) mentioned that pepton 
inhibited oxidation, but the amounts used and the extent of the 
effects produced were not given. It was also stated by Joffe 
(1922) that carbohydrates or other organic sources seem to be 
used by the bacterium. Up to the present time, however, data 
have not been presented sufficient to indicate that Thiobacillus 
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thiooridans can utilize any organic compounds incorporated with 
the sulfur medium. 


Glucose and oxidation of sulfur 


Winogradsky and Omeliansky (1899) found that glucose 
definitely injured growth of nitrate formers at 0.0025 molar or 
0.045 per cent and completely inhibited growth at 0.015 molar 
or 0.27 per cent concentration. The nitrate formers were more 
sensitive to injury than the nitrite formers. Injury to respira- 











kg. ne 
—--0.05 per cent glucose , 
*0.25 per cent glucoee / 
—_ 2) - > j 
0.50 per cent glucose j 
8) be j 


Decrease in glucose 














Sulfur oxidized to sulfate 
Fic. 1. CorrELATION BETWEEN DISAPPEARANCE OF GLUCOSE AND INCREASE IN 
SULFATE IN SOLUTION CULTURES 
tion of the nitrate formers was only 25 to 30 per cent at 0.8 molar 
concentration as determined by Meyerhoff (1916 a and b 
For the nitrite formers injury to respiration was 40 per cent at 
0.6 molar concentration. Coleman (1908) noted no injury to 
growth of nitrate formers at 0.02 to 0.05 per cent glucose in sand 
or solution cultures, but larger,amounts of glucose were distinctly 
toxic. No nitrite formation took place at 0.2 per cent glucose 
and even 0.02 per cent was found injurious to nitrite formers. 
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TABLE 1 
appearance of glucose in solution 
TITER - oat ; 
: A er After 
in oe 3 _. oe 1 
yntro r 

a ? m 
1.08 18.74 0 
4.35) 3.27 | 124.29) 105.55 0 
$.70' 3.62 69.3 50. 62 0 
1.08 18. 54 0 
3.20| 8.20 | 234 ) 266.45 0 
9 03| 7.95 | 278.12 259.58 0 
1.13 18.20 0 
15.10 13.97 | 481.03 462.83 0 
12.80 11.67 $00.35 382.15 0 
1.05 17.51 4] 
5.18; 4.13 | 153.48 135.97) 41 
4.55 3. 50 137.07 119.56 4] 
1.08 18.20 1] 
5.50) 3.42 | 162.20 144.00, 32 
115) 8.07 | 281.55, 263.35: 26 
1.05 17.51 41 
8.50) 7.45 | 261.50) 243.99) 25.37 
1.08 18.20 4] 
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17.20 
12 5D 
1.03 
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1.00 
4.63 
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1.08 
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3.50 


15.32 | 383.87 365.67; 10 
13.17 | 379.40 361.20 3 
18.20 48 
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3.60 | 134.59 117.42) 236.25 
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TABLE 1—Continued 





S aS SULFATE 





TITER rn 100 cc. GLUCOSE Ln 10 
mesvnenenn cowrnon® After After De- 
Per (subtract-| Per | subtract- 1 9 Average | crease 
culture ing culture ing ag from 
control control blank 
mgm mgm mgm. mgm mgm mgm 
8 + 1.05 17.30 488.00 489.65) 488.83 
8 - 8.70| 7.65 | 266.44) 249.14, 470.65) 467.50 469.08 19.75 | 
- 8.70 7.65 | 265.62) 248.32 472.20) 469.05, 470.63) 18.20 | 
10 _ 0.98 16.16 490.95 488.00 489.48 | 
10 _ 10.13, 9.15 | 315.34) 299.18) 479.70 484.40 482.05 7.43 | 
10 _- 10.05, 9.07 | 313.96) 297.80) 473.15 481.25, 477.20 12.28 | 
16 4 1.05 17.30 488.00 489.65, 488.83 | 
16 ~ 12.28 11.23 | 362.83) 345.53 454.05 446.25) 450.15 38.68 | 
20 - 14.30 13.25 | 383.87) 366.57) 444.70 452.50 448.60 40.23 
21 + 0.98 16.62 478.25 488.00 483.13 
21 - 15.85) 14.87 | 496.14) 479.98 416.80 422.00 419.40 70.08 
21 _ 15.15, 14.17 | 476.58, 460.42, 435.56 430.00, 432.78 56.70 
* + indicates uninoculated controls; — indicates inoculated cultures. 


Apparently glucose is quite injurious to the growth of nitrifying 
bacteria even though respiration for short intervals is not as 
injuriously affected. 

Oxidation by Thiobacillus thiooridans was not appreciably 
affected in concentrations as high as 5 per cent glucose (Waksman 
and Starkey, 1923). It was practically inhibited in 10 per cent 
glucose solution. Growth of this organism is not as sensitive to 
glucose as is growth of nitrifying bacteria. There even appeared 
to be increased oxidation in the presence of 1 and 5 per cent 
glucose. 

In order to ascertain whether there was any consumption of 
glucose by the organism several experiments were performed. 
Media were prepared containing 0.05, 0.25, and 0.50 per cent 
glucose in addition to the contents of the normal sulfur medium. 
The glucose was sterilized separately in standard solution and 
added to the sterile sulfur medium. Periodically, cultures were 
analyzed for acidity, sulfates, and glucose. Some of the data are 
presented in table 1 and figure 1. 

Without doubt, glucose disappears from the medium during 





JOURNAL OF BACTERIOLOGY, VOL. X, NO. 2 











170 ROBERT L. STARKEY 


incubation. Although there is considerable variability between 
duplicate determinations of glucose, particularly in the presence 
of large amounts, the*extent of the decreases in glucose is signifi- 
cant. As growthand oxidation proceed, larger amounts of glucose 
disappear. There are, in general, greater losses of glucose in the 
presence of greater accumulations of acid which indicate advanced 
growth and oxidation. This gives a general but not a consistent 
proportion between the amounts of sulfur oxidized and glucose 
which has disappeared. There is, however, no close correlation 
between the amounts of glucose initially present in the medium 
and the amounts which disappear during the oxidation process. 
These facts are apparent from the figure. There was definite 
disappearance of glucose when present in amounts of 0.05, 0.25. 
and 0.50 per cent. Per unit of sulfur oxidized, more glucose 
disappeared at 0.05 than at 0.25 per cent. However, at 0.50. 
per cent, more glucose disappeared per unit of sulfur oxidized 
than at either of the other concentrations, in some instances, 
while in others the reverse was true. 

Coleman (1908) also reported definite disappearance of glucose 
in cultures of nitrifying bacteria. His results led him to conclude 
that “. . . . Von allen diesen Méglichkeiten scheint mir 
diejenige des Dextrose verbrauchs als Ersatzenergiequelle am 
wahrscheinlichsten.”’ 

Conditions are somewhat different in cultures of this sulfur 
organism from those of nitrifying bacteria. In the latter case the 
medium is alkaline; in cultures of the sulfur bacterium there is a 
progressive and appreciable increase in acidity. In order to 
discover whether the acid itself effected hydrolysis of the glucose 
the following experiment was conducted. Portions of the sulfur 
medium were prepared, as in the preceding experiment, contain- 
ing 0.05 and 0.25 per cent glucose. Some of the media was left 
unchanged. To the rest, sulfuric acid was added to bring the 
media to acidities commonly produced by the oxidation of sulfur. 
Two concentrations of the acid were created, one of about 0.1 
n acid and the other about 0.3 nN acid. These media were left 
uninoculated and kept at the normal incubation temperature. 
Periodically, determinations were made for glucose and for acid- 
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in the cultures. Two flasks of media (the last two reported in 
the table) were inoculated. There was a marked disappearance 
of glucose in both instances. In the presence of acid, the results 
of the determinations for glucose ran consistently higher than in 
its absence. This may be the factor responsible for some of the 
erratic results obtained with the cultures in the preceding experi- 
ment where some of the glucose determinations were apparently 
higher in the inoculated cultures than in the controls. The 
effects of the acid would tend to conceal any slight disappearance 
of glucose and the actual amounts would be even greater than the 
calculated results presented in table 1. 

For another experiment, media were prepared like the normal 
sulfur medium omitting the sulfur and including glucose in 
amounts of 0.05, 0.25, and 0.50 per cent. These media were 
inoculated and incubated as usual. As would naturally be 
predicted from some earlier experiments (Waksman and Starkey, 
1922 and 1923) no growth took place in any of these media 
(table 3). There are no variations in the glucose contents of 
these media that cannot be interpreted as within the error of 
the method of analysis. This experiment again indicates that 
no growth takes place in the absence of the inorganic sources 
of energy. 

In a further experiment, certain quantities of glucose were 
added to cultures which were analyzed for glucose after an 
interval of a few hours. There were negligible differences 
between these results and determinations for the same amounts 
of glucose in distilled water. The bacterial cells apparently did 
not interfere with the determination for glucose. 

These experiments suggested the possibility that the glucose 
might have been incidentally hydrolyzed in the cultures outside 
of the cells by some metabolic products excreted by the organ- 
ism. In order to throw light upon this question the following 
experiment was conducted. Several cultures of the organism 
were filtered free from bacterial cells and suspended matter by 
passage through a Berkefeld filter. This filtrate was divided into 
three portions under aseptic conditions. One portion was 
unaltered. Amounts of sterile standard solutions of glucose were 
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added to the other two portions in order to produce approximately 
0.05 and 0.25 per cent glucose. Determinations for glucose were 
made immediately in all three solutions and again after incuba- 
tion at 27°C. for four and for fourteen hours. The results appear 
in table 4. Oxidation by the cultures had produced approxi- 
mately 0.15 N acid at the time of filtering and adding the glucose. 

The results presented in the table fail to indicate significant 
differences in the amounts of glucose found in the filtrates at the 
different periods. From this experiment it can hardly be con- 
cluded that glucose disappears in a cultural filtrate of the organ- 
ism in the absence of developing cells. 

From the preceding experiments it has been indicated that 
glucose disappears during normal active oxidation in sulfur 
media. It has not been hydrolyzed by acid under the same con- 
ditions as existed in the cultures without the presence of develop- 
ing bacteria. A culture of active cells did not interfere with the 
determination of glucose. In many instances the cultures have 
been plated on solid media commonly used in this laboratory for 
cultivation of fungi and bacteria. On such plates there was no 
development in any instance except an occasional contaminating 
organism introduced from the laboratory air during plating. 

The assimilation of carbon by the organism in the presence of a 
small amount of glucose (0.066 per cent) has been previously 
reported (Waksman and Starkey, 1923). The average sulfur- 
varbon ratio was 39.22, a somewhat higher ratio than for the 
metabolism of the organism in the absence of glucose (31.75). 
In the light of the experiments just reported, the explanation of 
the higher ratio may be found in the disappearance of the glucose. 
Any decrease in the carbon added to the medium as glucose 
would tend to increase the ratio. It has not been discovered, 
however, whether the carbon is removed from the medium or 
exists there as a transformed product. In the latter instance 
there should be no effect on the sulfur-carbon ratio. It has been 
shown that even 5 per cent glucose is not injurious to the organ- 
ism and the small amount of 0.066 per cent should exert no 
harmful effect. Consequently, a normal sulfur-carbon ratio 
would be predicted. The evidence at hand strongly suggests 
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that glucose in small amounts may enter into the metabolism of 
the cells in the presence of sulfur as a source of energy and may 
be used either as a source of energy or as carbon for growth, 
or both. 


Oxidation in the presence of certain concentrations of citric acid 


Since glucose was not found to be injurious even at compara- 
tively high concentrations, it was of interest to discover whether 
an organic acid would be equally ineffective. From the results 
in table 5 it is evident that citric acid exerts no appreciable injuri- 
ous effect at a concentration of 1 per cent. Oxidation was initi- 








TABLE 5 
Concentration of citric acid and oridation* 
son enue TITER AFTER 5 AS SULFATE IN 100 < AFTER 
CONCENTRATION — - 
3 days 15 days 3 days 15 days 
mgm mgm 

0 1.55 12.30 44.22 355. 43 
0.01 0.00 8. 50 0.00 219.88 
0.10 0.75 6.30 30. 22 207.04 
1.00 1.45 10.80 52.19 349.05 
2.50 0.00 6.85 0.00 228.74 
5.00 0.00 0.00 0.00 0.00 
10.00 0.00 0.00 0.00 0.00 
20.00 0.00 0.00 0.00 0.00 


* Data are given as averages of duplicates for each treatment minus the un- 
inoculated control media. 


ally delayed at 2.5 per cent but was rapid after the first few days. 
At 5 per cent and above no oxidation took place. The injury was 
undoubtedly due to the organic radical and not to the acidity 
produced at these high concentrations. 

Some amino acids and alcohols were found to be injurious at 
considerably lower concentrations (Waksman and Starkey, 1922). 


NITROGEN NUTRITION 


The nitrogen nutrition of the organism has been differently 
estimated in various reports. From experiments with crude 
composts, McLean (1918) concluded, “The addition of 0.2 per 
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cent of sodium nitrate was found to inhibit sulfofication processes 
almost entirely.” From some of the first pure culture studies the 
statement was made (Lipman, Waksman and Joffe, 1921) that 
“As nitrogen sources, it can use ammonium salts and nitrates, 
but since the first tend to leave the medium more acid than the 
second, the first are preferred.’”’ Later Waksman and Joffe, 
1922 a), ‘“The nitrogen can be supplied in the form of inorganic 
or organic materials.”’” Again (1922 b), “The best sources of 
nitrogen are ammonium salts of inorganic acids (particularly 
sulfate) followed by the ammonium salts of organic acids, after 
which come the nitrates, asparagin, and amino acids. Nitrites, 
in concentrations used (2 grams per liter) are toxic. Good 
growth is obtained with peptone, but the amount of sulfur oxidized 
is less than with the other sources of nitrogen.” 

From observations on the oxidation of sulfur in soils, Allison 
(1923) concluded that ‘sodium nitrate in any considerable 
quantity severely retarded and at times completely inhibited” 
oxidation of sulfur. From pure culture studies in solution media 
the same author believed oxidation was greater in the presence of 
nitrate than of ammonium sulfate. Joffe (1922) concluded that 
organic sources of nitrogen are readily used, that ammonium 
salts (especially sulfates) are not the best sources of nitrogen, 
that potassium nitrate is about the best source of nitrogen, and 
that sodium nitrate is not injurious to the organism. 

The following experiments were conducted with the object of 
determining what sources of nitrogen are available to the organ- 
ism with particular reference to nitrate and ammonium nitrogen. 


Availability of nitrate and ammonium nitrogen 


A medium was prepared containing no nitrogen other than 
what might be included in the c.p. chemicals used. ‘To other 
media, potassium nitrate was added in amounts of 0.05, 0.25, 
and 1.25 per cent. In another series of media, 0.04 per cent 
ammonium sulfate was included in the absence of nitrate and in 
the presence of 0.05, 0.25, and 1.25 per cent potassium nitrate. 
Six cultures were used for each treatment in order to eliminate 
errors from variability in the cultures. The data are presented 
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TABLE 6—Continued 


TITER, AFTER 
pHi, arrer 





5 days 10 days 15 days 
PER CE er KNOs; 2 : ; AS 
ADDED ¢ = © 2°95 
ele] 8/812) 88 2 e+ 
= .— b = = P 2 By =. 
4.6 1.40 1.35 1.40 
1.2 6.70 9.70 10.70 
a) 7 { 95 >. 
0.04 (NH,4)eS0, + : 1.2 1 ~ 4 60 7 aoe 7 “- = 9 Rs 
0.05 KNO o.a ~ 2 . nt Se 8.78) 11.20 Y So 
. - BB 6.50 9.80 10.25 
8 6.40 9.80 10.95 
1.2 7.80 10.90 12.20 
16 1.35 1.40 1.40 
1.2 6.40 8.40 9.00 
‘ 9 6.10 8.50 9.5 
0.04 (NH,).80, re ~ 407) 8 7 a - . 
0.25 KNO : p eee a A Se 
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3.0 1.70 8.00 9.90 
1.2 6.40 S$. 60 9.30 
$6 1.6 {6 1.30 1.35 1. 40 
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10 i 0 $0) 1.35 1.35 1.40 
( NH,).SO 
on a t.6 £6 $4.2 1.40 0.04 1.40 0.03 1.35,—0.01 
1.25 KNO 
i 0 10 i 0 1.30 1.40 1.40 
{2 i 0 Sit ae 1.40 1.40 
1.2 4.6 4.6 |) 1.35 1.35 1.40 
* trol u 1oculated media; — inoculated media 


in table 6. The determinations on all of the cultures are pre- 
sented in order to indicate the variability in oxidation commonly 
occurring between different cultures similarly treated. In the 
absence of ammonium nitrogen oxidation was very feeble and the 
lack of the turbidity which is characteristic of normal growth was 
very striking. However, there was more rapid oxidation where 
no nitrogen was added than where potassium nitrate was present 
even in a concentration of 0.05 per cent. The source of nitrogen 
ndoubtedly ammonium compounds con- 


for such oxidation was u 
tained as impurity in the compounds incorporated in the sulfur 
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medium or ammonia which might have been absorbed from the 
air during the period of incubation. The amounts of nitrogen 
necessary for small amounts of growth are naturally very slight. 

There was no greater oxidation in any instance in the presence 
of nitrate which would indicate that nitrate was not used as a 
source of nitrogen. Conversely, in practically every culture 
containing nitrate, oxidation has been depressed over cultures 
similarly treated but containing no nitrate. 

In the presence of ammonium nitrogen, added as the only 
source of nitrogen, oxidation was normal. Oxidation was, how- 
ever, depressed in 0.05 per cent potassium nitrate and in all cases 
oxidation was completely inhibited in the presence of 1.25 pei 
cent potassium nitrate. The concentration which completely 
inhibits growth is about 1 per cent potassium nitrate (Waksman 
and Starkey, 1922, 1923). Although some oxidation occurred 
at this concentration it had almost completely ceased. As shown 
earlier the concentrations of ammonium salts limiting growth are 
much higher. Rapid oxidation occurred at 2.5 per cent ammo- 
nium chloride although it was somewhat depressed. Some oxida- 
tion took place at 5. per cent ammonium sulfate. The sulfur 
organism is much more tolerant to ammonium salts than are 
nitrifying bacteria. There would seem to be very little ioniza- 
tion of ammonium sulfate in the acid sulfur medium and ionized 
ammonia is what apparently exerts the particular injury to nitri- 
fying bacteria according to Meyerhoff (1916 a and b, 1917). 
Even 0.005 N ammonium sulfate injured respiration of nitrate 
formers 30 per cent at pH 8 to 8.5. Injury was not as great to 
nitrite formers; a concentration of 0.01 molar ammonium sulfate 
was slightly injurious to respiration and injury was 90 per cent at 
0.1 molar. 

From the results of these experiments it is concluded that 
nitrate is not utilized by the bacterium while the ammonium ion 
is a very available source of nitrogen. 

The inhibitory effects of nitrate on oxidation of sufur in com- 
posts may be interpreted in the light of the action of nitrates 
on Thiobacillus thiooridans—the agent active in this oxidation. 
In no instance in the course of the many experiments conducted 
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with this organism have I observed any increase in oxidation due 
to either sodium, potassium, or calcium nitrates added to the 
medium. There will be no attempt made to explain the discrep- 
ancy between the results presented here and those reported by 
the authors mentioned above. 

The investigation of growth of the bacterium in the presence 
of nitrate has also been extended to studies of carbon assimila- 
tion. The organism was grown in a medium receiving no addi- 
tion of nitrogen, in media containing 0.05 and 0.25 per cent 
sodium nitrate, in a medium containing only ammonium nitro- 
gen, and in media containing ammonium nitrogen in addition to 
0.05, 0.25, and 0.50 per cent sodium nitrate. The cultures were 
analyzed for nitrate as well as for sulfate, carbon, and acidity. 
The data are presented in tables 7 and 8 and figure 2. 

In the absence of any ammonium nitrogen, except what might 
have been introduced as impurity, there was some oxidation of 
sulfur and slight amounts of carbon were assimilated. From 
about 0.25 to 1 mgm. of carbon was assimilated per 100 cc. of 
medium by the oxidation of 87 to 100 mgm. of sulfur within 
thirty days. The results indicate that the economy of the utiliza- 
tion of energy by the bacterium for assimilation of carbon is 
very low under the unfavorable condition of nitrogen starvation. 
Where no nitrogen was added, the sulfur-carbon ratio was 149.23. 
In the presence of 0.05 and 0.25 per cent sodium nitrate the ratios 
were 107.88 and 135.87 respectively. More sulfur was oxidized 
and more carbon was assimilated in the absence of nitrate than 
in its presence and the larger amounts of nitrate exerted a greater 
depressing effect on oxidation and growth. These results are in 
harmony with those presented in table 6. The injury from 
sodium nitrate is apparently quite similar to that from potassium 
nitrate. A glance at the results of the nitrate determinations 
clearly reveals the fact that none of the nitrate has been consumed 
by the organism during growth. The slight variations are within 
the error of the method of analysis except in one instance where 
some unknown factor affected the results. 

In the presence of 0.04 per cent ammonium sulfate, the metab- 
olism of the organism seems changed. Large amounts of sul- 
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fur were oxidized and carbon assimilated. From 167 to 480 mgm. 
of sulfur were oxidized in the assimilation of 3.4 to 14.2 mgm. of 
carbon within the space of a month. Carbon assimilation and 
oxidation are much more rapid in cultures of this organism than 
in cultures of nitrifying bacteria. Coleman (1908) reported from 
5 to 8 mgm. of carbon in 125 ce. of culture after incubation 
for three months. Meyerhoff found about 3 mgm. of carbon in 
100 ec. 

The sulfur-carbon ratios differed from the normal in proportion 
to the extent of the injury which the nitrate exerted on growth. 
Metabolism proceeded according to the normal ratio of oxidation 
to growth in the normal medium. The factor determined (31.40) 
is almost identical with the factors previously determined (31.82 
and 31.73). The ratios in the presence of 0.05, 0.25, and 0.50 
per cent sodium nitrate are higher and the extent of the increase 
in the ratios bear simple proportions to the amounts of nitrate 
present and the injury produced. The amounis of sulfur oxidized 
and carbon assimilated are lower in the presence of nitrate than 
in its absence and the depression effected is greater in the presence 
of larger amounts of nitrate. This is expressed graphically in 
figure 2. In the presence of 0.05, 0.25, and 0.50 per cent sodium 
nitrate the sulfur-carbon ratios are 33.08, 36.84, and 48.25 respec- 
tively. The decreases in nitrate in these cultures as well as in 
those from the preceding experiment are not significant and show 
no correlation with growth of the organism. 

The injurious effects of the nitrate anion are specific and not 
explained by any osmotic effects they may have created. This 
is apparent from the low concentrations of nitrate which inhibit 
growth as compared with the high concentrations of other sub- 
stances (H.SO, and MgSO,) which are tolerated. 

Béttger (1921) has made a somewhat extensive study of the 
toxic effects of the nitrate radical on many different organisms. 
Some of the points brought out in his review should be mentioned 
here. Nitrate prevented nodule formation in roots of legumes. 
This may not be a direct toxic effect upon nodule bacteria or upon 
the plant as has been indicated more recently. In considerable 
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amounts, nitrate was injurious to organisms decomposing cellu- 
lose. At high concentrations of nitrate, non-spore-forming bac- 
teria are replaced by spore formers in the soil. It has been noted 
that nitrates exerted an injurious effect on sewage purification. 
The author compared the effects of concentrations of nitrates on 
growth of yeasts, fungi, and bacteria with the effects produced by 
magnesium sulfate in concentrations which would produce the 
same osmotic effects in the solutions as the nitrates. Many of 
the organisms studied were remarkably tolerant to high concen- 
trations of nitrates. The results of the investigations led to the 
conclusions that the nitrate anion exerted an injury on yeasts, 
fungi, and bacteria which was specific and not due to the cations 
introduced with the nitrate or to osmotic effects produced by the 
concentrations used. In cases where organisms used nitrate as a 
source of nitrogen, some stimulation was noted in a few instances 
at low concentrations. For alcohol-forming yeasts which do not 
attack the nitrate, no stimulating effects were apparent from small 
amounts of nitrate. Injury to vegetation as well as fructification 
of fungi was proportional to the concentration of the nitrate. 
In general, nitrates of the alkaline earths (Ca) were more toxic to 
all of the organisms than nitrates of the alkalies (K, Na). 

Some organisms are apparently indifferent to considerable con- 
centrations of nitrate. Denitrifying bacteria were not apparently 
sensitive to the anion. Meyerhoff (1916 a and b) found that 
respiration of nitrate-formers studied for short intervals, con- 
tinued at concentrations of 10 to 20 per cent sodium nitrate! 
Meyerhoff concluded as a result of his investigations that, 
Ks Ja, NO; muss geradezu als das unshidlichste Anion 
bezeichnet werden, das sich iiberhaupt den Nitratbakterien ge- 
geniiber finden lisst’’ (p. 404). Nitrate was somewhat more 
injurious to the nitrite formers. 

This specific injurious effect of the nitrate anion which has been 
observed by Béttger for so many organisms has strikingly mani- 
fested itself in its effects on both oxidation and growth of Thio- 
bacillus thiooxridans. 
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Availability of urea 


The disappearance of glucose in the medium suggested its 
possible consumption by the organism. Providing such was the 
case, some simple organic compounds of nitrogen might also be 
attacked. Urea was introduced into the medium as such a 
source of nitrogen, since it is a relatively simple organic compound 
with nitrogen bound up in a form similar to the nitrogen in inor- 
ganic ammonium compounds. One concentration of urea (0.02 


per cent) was used. In one medium it was introduced as the 
TABLE 9 
Availabilit of rea as a source of ? 
lays 8 
TREATMENT a 
3 & : ; 
" 0.50 1. 40 » 05 
ie 2 
= 0.850.6S 1.50.1.45 2.50 2.28 
1.20 
0.02 per cent urea a site a 
I 1.15.18 2,152.18, 3.05 3.15 
; (i 7.10 95 
0.04 per cent (NH,). SO, 4 
00 2.50 10.308.7012.1012.18 
. 4 Q5 11.00 ( 
0.02 per cent urea + 0.04 per cent (NH,4)2S0, » 119 ¢ . 
{ 4 > ys 
*In reases over uninocul ted media 
only source of nitrogen and in another, ammonium sulfate was 


also included. As controls, media were used which received no 
addition of nitrogen and which contained only ammonium nitro- 
gen. In the preparation of these media, a standard solution of 
urea was sterilized by passage through a Berkefeld filter since 


urea is decomposed by heat. Portions of the sterile filtrate were 


added to the sterilized sulfur media before inoculation. The 
results are presented in table 9. 
There was feeble oxidation in the medium receiving no addition 
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of nitrogen and in the medium containing urea alone, slightly 
more oxidation in the urea medium. This increase is accounted 
for by the slight amount of ammonia introduced as impurity with 
the urea. As determined by Nesslerization, both the urea 
medium and that receiving no addition of nitrogen contained 


TABLE 10 
Oxidation of sulfur in the presence of pepton* 


PERCENT 


phen pH, arrert TITER, AFTER S aS SULFATE IN 100 cc,, AFTEA 
‘anees 4 days Sdays | Mdays | 4 days Sdays | 14 days 4 days 8 days 14 days 
Lacking (NH,).SO, 
mgm mgm mom 
0 2.0 1.6 1.5 | 1.20 1.95 2.90 37.09 64.56 93. 40 
0 2.0 1.8 1.6 | 1.10 1.70 2.50 33.52 56. 32 75.00 
0.01 1.9 1.5 1.4 | 1.30 2.55 4.05 41.21 72.41 | 121.69 
0.01 1.6 1.4 1.3 | 2.00 3.45 5.25 64.56 | 104.94 | 157.96 
0.05 1.7 1.3 1.4 | 1.70 2.90 4.00 53.57 91.48 | 123.07 
0.05 1.6 1.4 1.4 | 2.20 3. 60 4.65 68.13 | 109.88 | 139.28 
0.25 1.7 1.4 1.4 | 2.10 3.25 4.40 65.93 | 103.01 | 134.87 
0.25 2.2 1.9 1.6 | 1.10 2.05 2.95 34.34 67.30 87.90 
1.25 3.8 3.0 2.6 | 0.60 1.00 1.65 16. 21 29.39 45.32 
1.25 4.7 3.6 3.4 | 0.25 0.00 1.10 7.42 18.40 31.32 
(NH,)2SO, present 

0 1.5 —1.2 | —1.2 | 3.55 7.00 8.70 109.05 | 227.17 | 264.26 
0 1.5 —1.2 | —1.2 | 3.75 7.80 9.45 113.17 | 244.21 | 291.63 
0.01 1.3 —1.2} —1.2 | 4.45 6.95 8.35 137.35 | 218.39 | 252.72 
0.01 1.2 1.2, —1.2 | 4.85 8.90 (10.65 145.59 | 276.63 | 320.03 
0.05 1.0 1.2 1.2 | 2.55 4.15 5.20 79.66 | 124.16 | 160.16 
0.05 1.6 1.3 1.2 | 2.75 4.35 5.25 85.16 | 131.03 | 167.57 
0.25 2.0 1.9 1.7 | 1.55 2.05 2.85 45.33 68.13 90.10 
0.25 1.8 1.6 1.5 | 2.15 3.05 3.90 68. 68 65.93 | 124.99 
1.25 3.9 3.2 3.0 | 0.50 | 0.80 1.25 17.86 | 31.04) 47.80 
1.25 3.7 3.0 2.6;0 05 1.70 48.90 19.78 


70 1 
* Data are given as increases over control. 
t Original pH of 


pepton 5.2, 1.25 pepton 5.6. 


51.37 


media: 0 pepton 4.7, 0.01 pepton 4.6, 0.05 pepton 4.8, 0.25 





small amounts of ammonium nitrogen, the urea medium giving a 
slightly higher amount. Oxidation was initially delayed in one 


of the duplicate cultures of both the normal medium and the 
medium containing both urea and ammonium sulfate. 


Oxida- 
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tion was the same in both of these media and urea exerted no 
apparent depressing or stimulating effect at the concentration of 
0.02 per cent. Urea is not apparently attacked by Thiobacillus 
thiooridans and consequently is not available to the organism as a 
source of nitrogen. 


Mex. 
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Oxidation of sulfur in the presence of pepton 


Media were used containing Difco pepton in concentrations 
of 0.01, 0.05, 0.25, and 1.25 per cent both in the presence and 
absence of ammonium nitrogen. The results of the experiment 
are recorded in table 10 and figure 3. 

In the absence of ammonium nitrogen, oxidation was retarded 
as compared with oxidation in the presence of ammonium sulfate. 
Considerable growth occurred however, in both media. The 
Difco pepton is composed of many different compounds and no 
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doubt contained some ammonium nitrogen or some ammonium 
nitrogen was split off during sterilization. Such ammonium 
nitrogen may have been responsible for the increased oxidation 
in the presence of small amounts of pepton and in the absence 
of ammonium sulfate. No conclusions can be drawn from this 
experiment concerning the consumption of any of the compounds 
which compose pepton. The effects of some concentrations of 
pepton on oxidation are, however, indicated by the results. It 
has been shown previously (Waksman and Starkey, 1923) that 
oxidation is inhibited in a concentration of 2.5 per cent pepton. 
From the data presented it is apparent that, in the absence of 
ammonium sulfate, oxidation is enhanced by small amounts of 
pepton. No injurious effects are apparent at 0.05 per cent. 
Even at 0.25 per cent, injury is not great. At 1.25 per cent, 
depression is pronounced. The same effects are evident in the 
presence of ammonium sulfate with the exception that as vigorous 
oxidation occurs in the absence of pepton as in its presence even 
in low concentrations. 

Providing that the organism has the capacity to attack pepton, 
there should be an increase in the amino acid content of the media 
as growth progresses. Determinations for amino acids in cul- 
tures at different periods of incubation failed to reveal any 
increase in the amino acid content. In the presence of pepton, 
the assimilation of carbon is higher than in the normal medium, 
averaging 53.13. 

Glycoco!l completely inhibits oxidation at the concentration of 
1 per cent and considerably depresses it at 0.5 per cent. Should 
the organism consume glycocoll it would be expected that there 
would be a decrease in the amino acid content of cultures con- 
taining this amino acid. No decrease in the amino acid content 
of cultures containing glycocoll has been noted from numerous 
determinations. 

Although the data available are not sufficiert to definitely 
prove the point, all results indicate that amine acids are not 
available either as sources of nitrogen or carbon. , Winogradsky 
(1904-5) states that nitrite-formers are unable to attack proteins 
and amino compounds and can effect no oxidation of nitrogen- 
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ous substances. Meyerhoff (1916 a and b, 1917) found the amino 
acids as injurious as ammonium compounds to nitrifying bacteria. 
These compounds were more toxic at more alkaline reactions. 
Conclusions drawn by others that organic nitrogen is avail- 
able to the organism seem to be without adequate foundation. 


DISCUSSION 

Thiobacillus thiooridans exhibits many physiological charac- 
teristics which are common to autotrophic bacteria, but exhibits 
others which distinguish it from any other organism yet known. 

The sources from which energy is derived are not different for 
this sulfur bacterium from those utilized by many other sulfur 
bacteria. The effects of concentrations of some inorganic com- 
pounds are not strikingly different on growth of any of the organ- 
isms. ‘The sources of carbon and oxygen are the same for most 
of the autotrophic bacteria known. 

Thiobacillus thiooxidans is outstanding in its indifference to 
high concentrations of acid. None of the other autotrophic bac- 
teria develop well in acid media and their best growth is obtained 
in the alkaline range. Growth of this particular sulfur organism 
is inhibited in alkaline solution media and is most rapid at the 
very acid range of pH 2.0 to 3.0. In the late stages of oxidation, 
after large amounts of acid have accumulated, two factors are 
operative which tend to retard development. The influences of 
either a highly concentrated solution or an abundance of hydro- 
gen-ions must be considerable. Both of these agents together 
should exert an appreciably greater effect than the sum of the 
effects which might be produced by either one alone. The 
organism is surprisingly tolerant to the combined effects of both 
together. 

It is somewhat more economical in the utilization of energy 
than the nitrifying bacteria. 

The nitrate-former exhibits marked tolerance to high concen- 
trations of the end product of its oxidation process (nitrate). 
Unlike this organism, the sulfur bacterium is very sensitive to 
the nitrate anion. However, the end product of sulfur oxidation 
(sulfate) is tolerated by Thiobacillus thiooridans in as high con- 
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centration as 20 per cent in the form of magnesium sulfate. The 
tolerance of both organisms to the end products of their oxidation 
processes is noteworthy. 

Glucose supports no growth of the organism as the sole source 
of energy or carbon. The disappearance of this carbohydrate 
in the presence of inorganic sulfur as the source of energy is, 
however, consistent. The organism resembles nitrifying bacteria 
in this as in many other respects. Whether the organisms would 
transform or consume other organic compounds as they do glucose 
is merely speculative. 

Coincident with depression of oxidation caused by various 
factors, such as concentrations of acid, nitrate, or pepton, there 
is a decrease in the efficiency of the utilization of the energy 
available for assimilation of carbon. This indicates that there 
has been a detrimental modification in the metabolism of the 
organism. The extent of the decrease in this efficiency is closely 
associated with the extent of the injury to oxidation which was 
exerted by these different factors. 


SUMMARY 


1. The results of experiments concerned with glucose in sulfur 
media used for the cultivation of an autotrophic sulfur-oxidizing 
bacterium, Thiobacillus thiooridans, may be summarized as 
follows: 

a. Glucose disappears from the sulfur medium in the presence 
of the developing organism during incubation and there is a 
general correlation between the amount of glucose which dis- 
appears and the amount of sulfuric acid produced, which is, in 
turn, proportional to growth. There is, however, no consistent 
correlation between the initial concentration of the glucose and 
the amounts which disappear during growth of the organism. 

b. The acid produced by the oxidation of sulfur is not alone 
responsible for the disappearance of glucose in the cultures. 

c. No growth takes place in the presence of glucose in the 
absence of sulfur or sulfur compounds available as sources of 
energy. 

d. The bacterial cells and cell products do not interfere with the 
glucose in a physical way. 
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e. Berkefeld filtrates from cultures of the organism fail to 
effect significant transformation of the glucose. It seems appar- 
ent from these experiments that glucose, in small amounts, may 
enter into the metabolism of the cells in the presence of sulfur as a 
source of energy and may be used either as a source of energy or 
carbon for growth, or both. 

2. Citric acid inhibits growth at a concentration of 5 per cent 
but oxidation is active in the presence of 2.5 per cent. 

3. The experiments concerned with the utilization of nitrate 
and ammonium nitrogen may be summarized as follows: 

a. There is some oxidation in media receiving no nitrogen 
other than what may have been absorbed from the air or intro- 
duced as impurity in the non-nitrogenous compounds incorpor- 
ated in the medium. 

b. Ammonium nitrogen is the only source of nitrogen that has 
been found to be available to the organism. More rapid oxida- 
tion was never observed in the presence than in the absence of 
nitrates and oxidation was depressed in media containing nitrate 
in even as low concentration as 0.05 per cent KNO,. About 1 
per cent KNO; completely inhibited oxidation. 

c. The amount of sulfur oxidized per unit of carbon assimilated 
in a medium to which no nitrogen was added except as impurity 
is 149. In the presence of 0.05, and 0.25 per cent sodium 
nitrate as the only source of nitrogen, the ratios were 108 and 
136 respectively. In the presence of ammonium sulfate in addi- 
tion to 0.05, 0.25, and 0.50 per cent sodium nitrate, the ratios 
were 33, 37, and 48 respectively. The decrease in the economy 
of utilization of energy is proportional to the amount of nitrate 
added. The injurious effects of nitrate are specific for the anion 
and not due to any great extent to the osmotic effects which 
might be created by the concentrations of the nitrate. 

4. Urea is not attacked and does not appear to be available to 
the organism as a source of nitrogen. 

5. Oxidation is inhibited in the presence of 2.5 per cent of 
pepton and injury is pronounced at 1.25 per cent. Results 
indicate that neither pepton nor amino acids are available either 
as sources of nitrogen or carbon. 
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INTRODUCTION 


The ability to ferment sugars, as well as the exhibition of spe- 
cific immune reactions are of primary importance in the classifi- 
cation of bacteria, especially in the case of the streptococci, the 


Micrococcus catarrhalis group, and the colon-typhoid-dysentery 
group. 

The cholera vibrio is distinguished from non-choleraic vibrios 
by its immune reactions, but no cultural method capable of differ- 
entiating them has yet been found. Hemolysin production was 
previously considered to be specific to non-choleraic spirilla, 
but now it is known to be a general potential power common to 
all spirilla, including V. cholerae, differing in intensity with each 
strain. Most of the spirilla commonly display a positive cholera 
red reaction. Production of a proteolytic enzyme is also one of 
their common features, and they have also a generally higher 
alkali tolerance than most other bacteria. 

If we could find a method to differentiate V. cholerae from non- 
choleraic spirilla, culturally, it would form a valuable contri- 
bution of practical significance. Various kinds of non-choleraic 
spirilla live in dirty sea and river water, sometimes abundantly. 
The author came to realize the lack of a selective medium for 
differentiating the V. cholerae from other non-choleraic spirilla, 
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in his study as to the fate of V. cholerae in sea and river water. 
As is well known, the spreading of cholera epidemics is directly 
connected with the water, and studies on the behavior of JV. 
cholerae in water are therefore of great importance. 

There have been frequent discussions in regard to the altera- 
tion of the specific immune character of V. cholerae in sea and 
river water. Opinions are widely divergent regarding the term of 
life of V. cholerae in natural sea and river water. As an aid in the 
solution of those important problems, selective media to differ- 
entiate V. cholerae from non-choleraic spirilla would be of great 
service. 

In the colon-typhoid dysentery group many studies have been 
made concerning the behavior of these organisms towards various 
carbohydrates and polyatomic alcohols. The writer hopes to de- 
termine first of all whether V. cholerae and non-choleraic spirilla 
can be distinguished in this way; and secondly whether varieties 
exist in this field among V. cholerae strains, as is true in the case of 
streptococci, or dysentery bacilli, and above all, whether the 
immunological varieties, the original and the varied types of 
Kabeshima (1913; 1918a; 1918b), and the middle type of the 
author, of which descriptions will be given later, also differ in 
sugar-splitting activities. 

We could find no treatise specifically dealing with V. cholerae 
or with spirilla in general, in relation to the action of sugar fer- 
mentations except some notes of experiments on a small scale 
employing a limited number of the common sugars with only 
a few strains. 

The amylolytic activity of V. cholerae was, however, studied 
long ago by Bitter (1896), Fermi (1890) and Gordon (1905). 
Kodama (1921), applying this character, prepared selective media 
for V. cholerae—amylum litmus agar, amylum fuchsin agar and 
amylum fuchsin cattle serum agar. The bean gruel litmus me- 
dium was previously invented by Yamada (1919) as a selective 
medium for V. cholerae; he gives, however, no consideration to the 
chemical processes displayed on this medium. The fermentation 
of bean starch by cholera germs may perhaps determine the 
specific character of this medium. Oyama (1921) investigated 
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the relations of the amylum fermentation and the nitrite forma- 
tion of V. cholerae. 

Studies upon the invertase formation by V. cholerae were made 
long ago by Sclavo (1892), Fermi and Montesano (1896) and 
Kuprianow (1893). Selective media for V. cholerae containing 
sucrose, devised by Bendick (1912) and Aronson (1915), are based 
upon this character of the cholera organism. In another medium 
containing sucrose prepared by Teague and Travis (1916) for the 
selection of V. cholerae, the sucrose serves only as a growth- 
promoting factor, and the splitting of this sugar is not the main 
source of color change. 

Aronson :(1915) states that cholera germs ferment nearly all 
carbohydrates which he has studied: sucrose, glucose, maltose, 
mannitol, lactose, amylum and dextrin, and he notes especially 
that while the fermentation of sucrose is very intensive with V. 
cholerae, most of the common intestinal bacteria do not decom- 
pose this sugar. This is the reason that he recommended sucrose 
media for the elective cultivation of V. cholerae. Violle (1919) 
notes in his monograph, that V. cholerae ferments all carbohy- 
drates and polyatomic alcohols: glycogen, dextrin, sucrose, 
maltose, lactose, glucose, levulose, galactose, mannitol, erythritol 
and dulcitol with production of acid, but fails to form gas, while 
amidon is not fermented by this germ. 

No investigations concerning fermentation of other sugars and 
alcohols by V. cholerae have been found. 

The author at first studied the fermentation of twelve carbo- 
hydrates, four polyatomic alcohols and one glycoside by V. 
cholerae and non-choleraic spirilla, using twenty-one strains of 
V. cholerae, and eight strains of non-choleraic spirilla differing 
in age and source. 

The positive fermentation of sucrose was proved to be one of 
the common characters of V. cholerae. One strain ‘‘Koch’’ 
lacks, however, this ability—forming a remarkable exception, for 
its colonies on Aronson’s medium, which is increasingly employed, 
are colorless, while other strains invariably form red colonies upon 
this selective medium. The author performed numerous experi- 
ments and observations on ‘Koch’ to determine whether this 
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anomaly of “Koch” is temporary or permanent. With othe 
bacteria, especially of the colon-typhoid dysentery group, varia- 
tions and reversions of sugar fermentation, occurring spon- 
taneously or induced artificially, are not infrequently reported. 


EXPERIMENT I. FERMENTATION OF CARBOHYDRATES AND POLY- 
ATOMIC ALCOHOLS BY V. CHOLERAE AND OTHER SPIRILLA 


1. Source and age of the strains of V. cholerae and other spirilla 
used in the experiment 


The author used for this examination 21 cholera strains selected 
from 88 stock cultures, and 8 non-choleraic spirilla, of different 
ages and various sources as noted in tables 1 and 2. 


TABLE 1 


Source, age and immunological type of cholera strains 
| 








IMMUNO- 














APPELLATIONS kes tel PLACES OF ORIGIN LOGICAL 
TYPES 
IN isan hiwsckainawaeh iron 1892 | Hamburg Original 
RLY AS rae = 1805 | El-Tor, Egypt Original 
Eee eee ener | (Koch Institute) Original 
SN idctitewhen asain tavenanan | (Pasteur Institute) Original 
i sittin Sana geen ..-| 1912 | Giran, Formosa Varied 
Yanagiwara....... seeeeseeeseee| 1916 | Yokohama Original 
Takahashi....... ara ped Weed same | 1917 Gumma Prefecture Original 
IS te ndat vanendenticnn ses ..| 1919 | Boko, Formosa Varied 
Taniguchi............ veeseseceee| 1920 | Kobe Varied 
0 Se ee paraeees 1921 Kanagawa Prefect. Original 
Hikojima I.......................| 1921 | Hikojima, Moji Middle 
RR ge eee ce el | 1921 | Tsingtao, China Middle 
es ere | Nagasaki Varied 
0) a ee eee .+.| 1922 | Shanghai, China Middle 
Fukuoka I.....................+..| 1922 | Fukuoka Middle 
SS eee ah ee oy | 1922 | Dairen, China Middle 
Kumamoto............. ee 1922 | Kumamoto Middle 
ey ey eee | 1922 | Yamaguchi Middle 
i RR a eae | 1922 | Shimane Prefect. Middle 
ad alec ewuhdeans aceraaen 1922 Tokyo Middle 


A: ee Ore ....| 1922 | Chiba Prefecture Middle 
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TABLE 2 


Source and age of non-choleraic spirilla 





DATE OF 





APPELLATION ISOLATION PLACE OF ORIGIN 
Finkler et Prior.............. ..-| 1885 
a hs .| 1885 
Metschnikoff...... - a .| 1887 Odessa 
PE cechecewses as mee (Our Institute 
, 0 ee ..-| 1820 Tsingtao, China 
Shimonoseki.............. one) 200 Hikejima, Moji 
Se 8 : 1922 Kobe 


ES RE EEE ee ee ae. Sait ieee 1922 Tokyo 


2. Medium 


Dunham’s pepton water prepared with Witte pepton was di- 
vided in flasks; carbohydrates and polyatomic alcohols were added 
to these flasks to a strength of 1 per cent and then a sufficient 
quantity of litmus solution, purified almost in the same way as 
described by Morse (cited by Clark, 1922) as indicator. Each 
specimen was tubed in small Durham’s gas tubes, 2 ec. in each 
tube, and sterilized discontinuously by fifteen minutes’ exposure 
at 100°C. on each of three consecutive days. Sterility was 
proved by incubating for two days at 37°C. 

The original pH values of litmus free sugar pepton waters pre- 
pared and sterilized in exactly the same way, were determined 
colorimetrically ; they read as follows: 


to 


CS RE g ee 

PE pcvstiniadidud sis tadareneee 
Re oa Ske eee at 
a re 
Le a ee 
Sugar-free control.......... aRaEees 


to 


Nuns 
mm bo 


3. Carbohydrates, polyatomic alcohols and glucoside examined 


Twelve carbohydrates and four polyatomic alcohols and a glu- 
coside as tabulated below were used. 
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Carbohydrates: 
Monosaccharides: 
Pentoses: Arabinose, xylose 
Hexoses: Glucose, levulose, galactose, mannose 
Disaccharides: Lactose, sucrose, maltose 
Polysaccharides: Dextrin, amylum, inulin 
Polyatomic alcohols: 
Trihydric: Glycerol 
Hexahydric: Mannitol, dulcitol, isodulcitol (rhamnose) 
Glycoside: Salicin 


Most of these preparations were from Marck (Darmstadt). 


4. Observation 


Two drops of germ emulsions, made with the strains men- 
tioned above, were implanted in each sugar tube. The emulsions 
were prepared with heavy inoculations in pepton water to con- 
tain germs in quantity of one loopful in each 1 ce. Itakura (1923) 
recommended the inoculation of the greatest possible numbers of 
germs to get an accurate result. After inoculation all tubes were 
put into an incubator, and observations were made during two 
weeks, keeping the tubes at 37°C. 

Two control tubes without inoculation, for each sugar, were 
incubated together with the others, to see whether any alteration 
of color tones resulted. Authentic strains of the typhoid bacillus 
and of paratyphoid A and B bacilli were inoculated in each sugar 
tube and incubated simultaneously in order to prove the purity 
of the sugar specimens used. For the inulin a strain ofpneumo- 
coccus I type, and for the salicin three strains of Streptococcus 
pyogenes were used as special controls. 

Transplantations upon agar plates were made intermittently 
from the tubes of representative strains, and from those tubes, 
which showed abnormal reactions, in order to recognize the 
growth of germs or to find any intercurrent contamination. 
With the representative strains and with those which reacted 
abnormally, the same test, using newly prepared media, was 
again performed, to determine whether the results were constant. 
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5. Results of experiments 
A. Fermentative powers of V. cholerae. 7%. Acid formation: All 
strains of V. cholerae ferment all hexoses; glucose, levulose 
galactose and mannose, but fail to ferment the pentoses; arabinose 
and xylose. Among disaccharides, maltose and sucrose were 
split in twenty-four hours by all strains; ‘“‘Koch,’”’ however, did 
not ferment the sucrose at all, being the single exception. The 
lactose is fermented in different degrees according to the strains; 
some did not redden the lactose tubes at all, and some fermented 
it intensively. Among polysaccharides, dextrin and amylum 
(soluble) were fermented intensively by all strains, but inulin 
was not attacked. 

Concerning the polyatomic alcohols, trihydric glycerol was, 
as in the case of lactose, fermented variously with the strains. 
All strains split mannitol but not dulcitol and isodulcitol among 
the hexahydric alcohols. Salicin, a glycoside, remained entirely 
intact. 

To summarize the results, glucose, levulose, galactose, mannose, 
maltose, sucrose, dextrin, amylum and mannitol were decom- 
posed uniformly by all strains, while arabinose, xylose, inulin, 
dulcitol, isodulcitol and salicin were not at all fermented. 

Generally speaking, the tubes containing fermentable sugars 
assumed the litmus color tone (+++), corresponding nearly to 
pH = 5.5, after incubation for twenty-four hours. The germs 
which had been inoculated died out within one or two days, 
indicating that the culture had attained the physiological con- 
stant of hydrogen ion concentration according to Michaelis. 
Fermentation of galactose and mannitol were slightly delayed 
and the acidity attained seemed to be a little weaker. 

Reversion towards alkalinity from once attained acidity, 
was never recognized. 

The color tones of the tubes containing unaffected sugars 
turned to bluish from neutral, the alkaline products from the 
albuminous substances contained in the media perhaps governing 
the tone; sugar free litmus pepton water also became bluish under 
the growth of V. cholerae. Germs survived well in these tubes 
until the end of the observation. 
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The lactose from Merck-Darmstadt and the glycerol from 
Price-London were fermented variously by different strains, by 
some entirely negatively (—), but by some weakly, showing a 
litmus color tone (+) corresponding nearly to pH = 6.5; by some 
moderately, showing a tone (+ +) corresponding nearly to pH 
6.0 and by the others distinctly, showing a litmus tone (+ + +) 
corresponding nearly topH 5.5. 

The examination was repeated using preparations of lactose 
from Kahlbaum (Berlin) and Gehe (Dresden), and a chemically 
pure preparation of glycerol of the Nippon Glycerin Kogyo- 
Osaka; these gave qualitatively equal results, only differing 
quantitatively from those of the former test. 

The historical strains “Hamburg” and “El-Tor,”’ which are 
over thirty and nearly twenty years old respectively, revealed 
the same behavior towards all sugars as the newly isolated 
strains. ‘“‘Koch’s” failure to ferment sucrose cannot, therefore, 
be due merely to old age. 

The sucrose used in the former test was from Merck (Darm- 
stadt). The author also tested the preparations from Kahlbaum 
(Berlin) and Gehe (Dresden), but they also were not decomposed 
by “Koch.” 

No difference in the sugar fermentation was detected among 
the three immunological varieties (table 3, A, B and C). 

it. Gas production: With all sorts of carbohydrates and polya- 
tomic alcohols, no gas production was ever discernible. 

iit. Reduction of the litmus: Miiller (1899) has already noticed 
the intensive reduction of litmus by V. cholerae. 

In the author’s experiment, the tubes, which showed maximal 
acid production and in which the germs had died out, revealed no 
detectable reduction of the litmus; while in those tubes, contain- 
ing arabinose, xylose, inulin, dulcitol, isodulcitol and salicin, 
which remained negative as to acid formation, the litmus was 
distinctly reduced. In the latter tubes, germs continued living 
and propagating so the reduction must be a parallel phenomenon 
to the life of the cells. The leucoproducts of the reduced litmus 
could be returned to the colored state by shaking. 

B. Fermentation reactions of the non-choleraic spirilla, <A re- 
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markable pnenomena was that all kinds of spirilla behaved almost 
in the same way as V. cholerae. They acidified glucose, levulose, 
galactose, mannose, maltose, sucrose, dextrin, amylum and 
mannitol. Most tubes containing the above mentioned in- 
gredients were reddened to the litmus color tone (+ ++) corre- 
sponding to pH S 5.5 in twenty-four hours; germs were soon 
killed and reduction of litmus was not noticeable in those tubes. 

There were, however, exceptions; “Kobe” and ‘Kubota’’ 
failed to ferment the mannose, and this was constant in repeated 
tests. 

A reversion from the once attained intensive acidity towards 
alkalinity was observed in a few tubes: by “Denken” in the 
dextrin tube, by “Tsing-tao”’ and ‘‘Kobe” in the mannitol tubes. 
In those tubes, life of the germs continued, indicating that the 
physiological constant of the hydrogen ion concentration was not 
surpassed in those tubes and the alkaline products from the 
albuminous substances due to the vital activities of the surviving 
germs began to affect the general reaction. 

Arabinose, xylose, inulin, dulcitol, isodulcitol and salicin were 
here also not decomposed, and the litmus tone turned gradually 
towards alkalinity. In these cases reduction of the litmus was 
distinctly noticed and the germs continued their propagation; 
“Shimonoseki”’ formed an exception showing positive fermenta- 
tion of arabinose, and this also proved constant in repeated test. 

The lactose and glycerol were split variously by different 
strains, as in the case of V. cholerae. 

Gas formation was not detected with the non-choleraic spirilla 
(table 4). 

C. Control test. In examining the mode of fermentation by 
typical strains of the typhoid bacillus and of paratyphoid A and 
B bacilli used as control, it appears that the chemical nature of the 
sugars corresponds entirely to that of the carbohydrates and 
polyatomic alcohols used hitherto by other authors. Further, 
the inulin was decomposed by a strain of pneumococcus I type, 
and the salicin tube was acidified by Streptococcus pyogenes 
strains, though these ingredients remained unaffected by V. 
cholerae and other spirilla (table 5). 
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Control tubes for each sugar without inoculation assumed no 
change in color tone, but a slight condensation caused by evap- 
oration took place. 


EXPERIMENT II. REVERSION EXPERIMENTS ON THE LOST FER- 
MENTATION OF SUCROSE BY “‘KOCH’”’ 


1. Passage through Fraenkel’s solution containing sucrose 


It has been variously reported that bacteria cultured in sugar 
containing media, adapt themselves to environment and acquire 
the power of fermenting the corresponding sugar. 

Wortman (1882) observed that germs could produce the amylo- 
lytic ferment when they had been cultured in a medium containing 
no carbon source except starch. Hiss (1904) describes a bacillus 
of the dysentery group which acquired the power to ferment 
maltose after being grown for some time in a maltose medium. 
Twort (1907) found that dysentery bacilli which did not normally 
ferment sucrose, did so after cultivation in a medium containing 
this ingredient, and by similar means the true Shiga-Kruse or- 
ganism was induced to ferment lactose. In the same way he 
could train typhoid bacilli to ferment dulcitol in a short period, 
but to ferment lactose only after two years’ training. Lunz 
(1910) insisted that he could induce dysentery bacilli to ferment 
sucrose, maltose and dextrin, by passage through 1 per cent sugar 
pepton water. Penfold (cited by Gurney-Dixon, 1919) induced 
B. typhi to ferment dulcitol, arabinose and isodulcitol in a 
shorter interval; he failed however to develop new fermenting 
powers towards lactose and sucrose with the same organism. 
Bradley (cited by Gurney-Dixon, 1919) repeated these experi- 
ments with success as regards dulcitol and arabinose. Schroeter 
and Gutjahr (1911) succeeded in inducing dysentery bacilli to split 
sucrose and maltose. Matsuo and Izawa (1920) used an inorganic 
medium, Sasaki’s solution, with success to train the dysentery or- 
ganism of Y type to ferment sucrose, lactose, maltose and dextrin. 

The reports are full of theoretical interest, above all, the 
induction of sugar splitting power in a protein-free medium as 
performed by Matsuo and Izawa with all theoretical considera- 
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tions in mind. In a protein-free meager medium, bacteria will be 
forced to utilize the sugars contained there, as an energy source, 
and may adapt themselves to ferment it more readily. 

To recover the lost ability to ferment sucrose of the strain 
“Koch,” the author applied passage experiments in a protein- 
free medium, Fraenkel’s solution. 

Preparation of the medium employed. Fraenkel’s solution was 
adjusted to pH = 7.0, sucrose (Kahlbaum, Berlin) was added 
to it up to 1 per cent and divided into two portions; suitable 
quantities of brom cresol purple and brom thymol blue solutions 
were added respectively to each portion; and then they were 
tubed and sterilized with intermittent method as usual. 

Carrying out of the training. “Koch” was inoculated into two 
media, thus prepared. Transplantations were carried out at in- 
tervals of one week, respectively with the same two kinds of media 
as in the case of preceding generations. The passage was inter- 
rupted by an accident (earthquake) in-the course of the tenth 
generation. 

Results of the experiment. No sign of reacquired acidifying 
power was observed, in any of the generations but on the con- 
trary, constant turning towards alkalinity was indicated by brom 
thymol blue. The indicators gradually faded in the course of 
the culture period. 

Control tubes inoculated with “Inaba” and ‘Takahashi,”’ 
cholera strains having the normal ability to ferment sucrose, 
of the usual strains, were acidified to pH = 5.6 or 5.4 in a day 
or two, as indicated by the brom cresol purple. 


2. Animal passage 


If the defect of the sucrose fermentation of “‘Koch’’ is due to 
degeneration, refreshing by an animal passage might bring the 
return of this ability. 

“Koch,” having sufficient virulence to kill guinea pigs weighing 
200 grams with less than 1:10 loopful of germs, after the perform- 
ance of eight passages through guinea pigs, was examined with 
Aronson’s plates and sucrose litmus pepton water; no red colony 
or sign of reversion, however, resulted. 
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8. Agar and broth passage 


From the first examination of sugar fermentation on January 
27, 1922, until the last occasion of the same test carried out 
on June 25, 1923, numerous agar passages were performed with 
the strain “Koch.” In spite of repeated agar transplantations 
the loss of sucrose splitting power was inheritable during this 
period covering seventeen months. 

Twenty broth passages, transplanting twice daily, after the 
method described by Gyérgy (1920), also showed no results. 


SUMMARY AND DISCUSSION 


1. Twenty-one selected strains of the V. cholerae of different 
ages and from various sources, behaved entirely unanimously 
toward twelve carbohydrates, four polyatomic alcohols and one 
glycoside. 

Sub-grouping concerning the sugar fermenting activities, as 
seen with other bacteria species, has been proved not to be possible 
with cholera germs. The strains of three immunological varieties, 
the original and the varied types of Kabeshima and the middle 
type of the author, exhibit the same attitude in the fermentation 
of various sugars. 

2. Eight non-choleraic spirilla of different ages and from vari- 
ous sources display almost the same reaction towards carbo- 
hydrates and polyatomic alcohols as the strains of V. cholerae. 
Only a few strains reveal one or two disagreements in certain 
sugars. Hence the fermentation of sugars, as examined by the 
author, can not serve as a means to differentiate the V. cholera 
from the non-choleraic spirilla. 

The selective media for V. cholerae based upon the decom- 
position of sucrose and amylum, devised by Bendick, Aronson 
and Kodama, have no capacity to discriminate the V. cholera 
and the non-cholera spirilla. 

3. V. cholerae as well as most of the non-choleraic spirilla 
strains uniformly ferment the carbohydrates and polyatomic 
alcohols: glucose, levulose, galactose, dextrin, amylum and man- 
nitol. The fermentations of galactose and mannitol are estimated 
to be a little weaker. 
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They entirely fail to ferment the following sugars and alcohols: 
arabinose, xylose, inulin, dulcitol, isodulcitol (rhamnose) and 
salicin. 

The various strains, decompose, in different degrees, lactose 
and glycerol. 

4. V. cholerae as well as non-choleraic spirilla form acids, but 
no gas in the sugar fermentation, even in the case of other carbo- 
hydrates than those so far studied by other authors. 

5. The fact that every strain of V. cholerae and almost all other 
spirilla ferment all kinds of hexoses, but not both pentoses, may be 
a question of theoretical interest. 

Most carbohydrates and polyatomic alcohols are split in- 
tensively or not fermented at all, while lactose and glycerol are 
attacked in different degrees by various strains. This is also a 
noticeable phenomenon. 

6. No strains of V. cholerae reveal the reversion from once 
attained intensive acidity to alkalinity in 1 per cent sugar pepton 
water, while with some other spirilla, the reversion occurred in 
certain tubes. The reversion may have been due to a lower 
physiological constant in such combination of sugars and strains, 
or before reaching the pH death point alkaline products from the 
albuminous substances may begin to overbalance the acids pro- 
duced from sugars. 

7. A strain of V. cholerae-immobilis, ““Koch,” forms a single 
exception in failing to ferment sucrose. As “Koch’’ is able how- 
ever to ferment glucose and levulose, the loss of the ability to 
redden the sucrose media must be due to the lack of the inver- 
tase formation in this strain. 

As will be noted in the following article by the author, ‘“‘Koch” 
possesses all the characteristics of a cholera vibrio, except for its 
immobility and the lack of sucrose fermentation (Studies upon the 
Immobile Strains of V. cholerae). 

8. The anomaly of fermentation of the “Koch” strain was 
proven to be inheritable for seventeen months and withstood all 
reversion experiments. It seems to be a permanent inheritable 
varied nature; in other words, this variation may be an example 
of transformation after Reichenbach or the permanent ‘‘Klon- 
Umbildung”’ of E. Lehmann. 
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9. In the application of selective media for V. cholerae based 
upon the sucrose fermentation, such as those invented by Bendick 
and Aronson, attention must be paid to strains like “Koch.” 
As animal passage with “Koch” resulted in no reversion of the 
mentioned disability, it may fail to ferment sucrose, even if it 
attacks the human body. Moreover, this strain has moderate 
virulence against guinea pigs, and gains a distinct virulence in- 
crease by animal passage. Such a sucrose non-fermenting strain 
may perhaps be able to cause an epidemic. 


REFERENCES 


Aronson, H. 1915 Deut. med. Wochenschr., 41, 1027. 

Benpick, A.J. 1912 Centralbl. f. Bakt., 62, 536. 

Bitter, H. 1896 Arch. f. Hyg., 6, 241. 

Ciark, W. M. 1922 The Determination of Hydrogen Ions, Williams & Wil- 
kins, Baltimore. 

Fermi, C. 1890 Arch. f. Hyg., 10, 1. 

Fermi, C., anp Montesano, G. 1896 Centralbl. f. Bakt., II Abt., 1, 1. 

Gorpon, M. H. 1905 Centralbl. f. Bakt., 42, 5. 

Gurney-Drixon 1919 The Transmutation of Bacteria, Cambridge University 
Press. 

Gyérey, P. 1920 Centralbl. f. Bakt., 84, 321. 

Hiss 1904 Cited from Gurney-Dixon, The Transmutation of Bacteria, Cam- 
bridge University Press, 1919. 

IrakurA, T. 1923 Ejisei-Densenbyo-Gaku-Kai Zasshi (Japanese), 18, 264 

KasesHima, T. 1913 Jour. Bact. (Japanese), 517. 

KasBesHIma, T. 1918a Jour. Microérg. (Japanese), 6, 1. 

KasBesHIma, T. 1918b Compt. rend. Soc. Biol., 81, 618. 

Kopama, T. 1921 Ejisei-Densenbyo-Gaku-Kai Zasshi (Japanese), 17, 26 

Kvuprianow, J. 1893 Arch. f. Hyg., 19, 282. 

Lunz, R.O. 1910 Centralbl. f. Bakt., 56, 28. 

Matsvo, I., anp Izawa, T. 1920 Kyoto med. Jour. (Japanese), 17, 1254 

Méuier, F. 1899 Centralbl. f. Bakt., 26, 51 and 801. 

Oyama, 8. 1921 Eisei-Densenbyo-Gaku-Kai Zasshi (Japanese), 17, 30. 

ScHROETER AND GuTJAHR 1911 Centralbl. f. Bakt., 68, 577. 

Scitavo 1892 Cited from Fuhrmann, ‘“‘Vorlesungen tiber Bakterienenzym: 
Fisher Jena, 1907. 

TEAGUE AND Travis 1916 Jour. Inf. Dis., 18, 601. 

Twort, E.A. 1907 Centralbl. f. Bakt., Ref. 40, 508. 

Viotte, H. 1919 Le Cholera, Masson, Paris. 

WortmMAann 1882 Quoted from Pringsheim, ‘‘Die Variabilitat niederer Organ- 
ismen,’’ Springer, Berlin, 1910. 

Yamapa, T. 1919 Japanese Jour. Exper. Med. (Japanese), 3, 85. 








THE REDUCING PROPERTIES OF MICROORGANISMS 
WITH SPECIAL REFERENCE TO SELENIUM 
COMPOUNDS! 

VICTOR E. LEVINE 
Department of Biological Chemistry and Nutrition, School of Medicine, Creighton 


University, Omaha, Nebraska 


Received for publication July 23, 1924 


The reducing power possessed by bacteria was a characteristic 
early recognized. In 1843 Helmholtz observed in putrefactive 
mixtures the reduction of litmus to its leuco base. The first 
observers to make direct researches in reference to the reducing 
power of bacteria were, however, Cahen, Spina, and Rozahegyi. 
Later came the work of Petruscky, Wiirtz, Behring, Smith, 
Miller, Uffelmann, Grasser, Marpmann and Rothberger, all of 


whom used dyes as indicators. Besides dyes other organic 
compounds may undergo reduction. Amino acids are reduced 
by anaerobes with the formation of saturated fatty acid and 
ammonia. Gayon and Dubourge observed the conversion of 
fructose into mannitol, Labbé, of oxyhemoglobin into hemo- 
globin, and Alsberg, of oxyhemocyanin into hemocyanin. The 
formation in human feces of coprosterol from cholesterol and 
of stercorcin from bilirubin is believed to be the result of bac- 
terial reduction. 

Inorganic compounds also suffer reduction. The reduction of 
ammonium molybdate has been reported by Capaldi and Pros- 
kauer and also by Levine and Jahr, and ferric compounds have 
been transformed into ferrous compounds by Poehl. That ni- 
trates in the soil are capable of being converted to nitrites was 
first observed in 1862 by Goppelsréder. Meusel attributed this 

1 This work was partly done in the biochemical laboratory of the College of 
Physicians and Surgeons, Columbia University, ard partly at the Museum of 
Natural History, New York City. 


217 








218 VICTOR E. LEVINE 


phenomenon to bacterial action. Sulfates are reduced to hydro- 
gen sulfid, according to Stockvis and Saltet, Kochmann, Van 
Delden and others. Not only sulfates but also sulfites, tetra- 
thionates, pentathionates, sulfur in organic complexes such as 
peptone, cystine and thiourea yield hydrogen sulfid. Free sulfur 
is also converted into hydrogen sulfid, but selenium, tellurium, 
arsenic and antimony do not yield the corresponding hydrogen 
compounds. 

Bacteria are also capable of carrying on oxidations. The 
existence of autotrophic microérganisms, capable of de- 
riving energy through the oxidation of purely inorganic sub- 
stances has become an established fact. The nitrate and nitrite 
bacteria, the sulfur bacteria and the iron bacteria are examples 
of such types. Recently Lipman and Waksman have added 
another group of organisms to the already known autotrophic 
forms. These organisms secure energy from the oxidation of 
selenium. Lipman and Waksman mixed a small quantity of 
selenium with the soil and observed an increase in the acidity of 
the latter. They transferred some of this soil to a culture 
medium consisting of inorganic materials with elemental sele- 
nium as the only source of energy. The medium became cloudy 
within a few days and there appeared in it a minute rod-shaped 
bacterium capable of oxidizing selenium to selenic acid, just as 
the sulfur bacterium is capable of oxidizing elemental sulfur to 
sulfuric acid. 

Whether selenium or tellurium could replace sulfur in the 
metabolism of sulfur bacteria was the object of an investigation 
of W. Brenner. One species, which he isolated from marine 
mud, Micrococcus selenicus, made good growth in sodium selenid 
without sodium selenite. The latter could be replaced by other 
substances such as sodium selenate, sodium thiosulfate, indigo- 
carmin and litmus but not by potassium tellurite, potassium 
sulfate, potassium nitrate or atmospheric oxygen. Another 
species isolated from marine mud grew well on a substance con- 
taining sodium selenite, but a third species, Thiobacillus thio- 
parus, gave entirely negative results. Free selenium was found 
in the bacterial cell when grown on selenite medium. An odor 
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similar to that emanating from molds, when grown with sodium 
selenite was observed in the presence of sodium selenid, but not 
in the presence of sodium selenite alone. 

That bacteria reduced certain compounds of selenium was first 
mentioned by Japha in 1842. To quote from his dissertation, 
“Bacillus ferreus urinae immissus post aliquod tempus colorae 
fusco rubro tinctus est, paulatimque selenium purum floccis 
rubiis in illo praecipitatum.”’ He utilized the reducing power 
of Bacillus ferreus to determine the presence of selenium dioxid. 
Not finding any reduced selenium by this biochemical method 
as well as by several purely chemical procedures, he concluded 
that the selenium was not eliminated in the urine. 

In 1890 Chabrié and Lapicque performed a single experiment 
which showed that a 0.2 per cent solution of selenious acid 
prevented the putrefaction of bouillon. In smaller concentra- 
tion, however, putrefaction did occur. At the same time the 
selenious acid was reduced and colonies, which alone were colored 
red, were observed in the liquid. These authors attributed the 
reduction of the selenium compound to the activity of the micro- 
organisms in the bouillon. 

In 1900 Scheuerlen grew cultures of Bacillus anthracis on a 
medium containing either sodium selenite or sodium tellurite. 
These he added to the medium because of a desire to grow the 
bacillus in pure culture and in the absence of atmospheric oxygen, 
which might bring with it contaminating organisms. He had 
hopes that this sodium or tellurium salt, which is easily reduced, 
would act similarly to the loosely bound oxygen in oxyhemo- 
globin and would be almost as favorable to the growth of the 
anthrax bacillus as blood itself. He found, however, that al- 
though these salts were reduced to red selenium or dark gray 
tellurium, growth nevertheless suffered retardation. Continuing 
his observations, he found that not only Bacillus anthracis but 
also all of the growing bacteria he examined were colored in the 
presence of sodium selenite or tellurite. Pigmentation occurred 
in the bacterial cell, but the nutrient medium itself was free 
from color. 

The results of Scheuerlen led directly to the more extensive 
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work of his pupil, Klett, who made a study of twenty-seven 
species of bacteria and molds under the influence of sodium 
tellurite, sodium selenite and sodium selenate. He also reported 
that the tellurite and the selenite were reduced by living or- 
ganisms. On agar streak cultures, colonies grew in gray-black 
streaks in the presence of the tellurium compound. Reduced 
selenium accumulated for the most part in the water of con- 
densation. 

In general Klett found that sodium selenite or tellurite did not 
favor the growth of bacteria and that the intensity of the reduc- 
tion was proportional to the intensity of growth. These two salts 
had no effect on the virulence of bacteria. Aerobic bacteria 
grown under anaerobic conditions could not thrive on the oxygen 
set free in the course of the reduction of sodium selenite. Klett 
also observed that, when the nutrient medium contained glucose, 
reduction took place at 37°C. even in the control tubes. He 
was obliged therefore to allow growth in such media to pro- 
ceed at room temperature. 

Klett believed that reduction took place within but not with- 
out the bacterial cell. He observed that reduction followed the 
line of growth, the red or gray color not being diffused through- 
out the medium. A microscopic examination of bacterial bodies 
revealed the presence of yellowish or grayish particles within the 
cell. Sodium selenate, like sodium sulfate or sodium phosphate 
showed no inhibition of growth, nor was there any evidence of 
reduction of the selenate to brick red selenium. 

Gosio in 1904 took up the problem of the bacterial reduction of 
selenium and tellurium salts in the hope of obtaining a method 
for determining the sterility of sera, culture media, body fluids, 
foods and other biological substances. With this end in view he 
examined 181 organisms grown upon selenite or tellurite media. 
He came to the conclusion that sodium selenite was more easily 
reduced than the tellurite by substances other than bacteria. 
He therefore preferred the tellurite and employed this salt for 
most of his experiments. King and Davis have recently con- 
firmed Gosio in proving the value of tellurite medium as an 
indicator of microbial life. 








REDUCING PROPERTIES OF MICROORGANISMS 221 


According to Gosio tellurite reduction was accelerated in a 
milk medium or in a medium containing glucose, sucrose or 
lactose. Glucose seemed to be the best accelerator. He at- 
tempted to explain these findings on the basis of the supposition 
that lactic acid was produced, which, interacting with the po- 
tassium tellurite gave rise to the more easily decomposed tellurous 
acid. The limit of sensitiveness in a sugar-free medium was 
1:20,000, whereas in a sugar medium, reduction was noticeable 
when the latter contained one part of the tellurite in 75,000, 
or even 100,000 parts of the nutrient substance. Levine has 
found that at 30°C. to 37.5°C. or over and under sterile conditions, 
glucose, lactose, and lactic acid themselves cause reduction of 
sodium selenite. The accelerated reduction, noted by Gosio, 
was really due to action of these reducing substances in the 
nutrient medium. 

Gloger in 1906 repeated some of the work of Gosio. He agreed 
with the latter that the presence of glucose accelerated reduc- 
tion and stated that the kind of medium used was a very im- 
portant factor in determining bacterial reduction. He, how- 
ever, did not make any effort to determine what chemical 
substances present in the nutrient medium would interfere. He 
formulated a relationship between the production of hydrogen 
sulfid and the reduction of potassium tellurite. Finding that 
B. tuberculosis-hominis, B. pseudotuberculosis Pfeiffer, B. acidi- 
lactici, Spirillum rubrum, B. diphtheriae and B. pseudodiph- 
theriae did not reduce, he put forth the proposition that these 
organisms were not active because they evolved only traces of hy- 
drogen sulfid or none at all, the hydrogen sulfid itself having the 
power of causing the reduction of selenite or tellurite. W. Kruse 
in his “‘Allegemeine Mikrobiologie’ published in 1910 stated 
that anaerobes did not reduce, and that small amounts of sele- 
nite or tellurite impeded their growth, while small quantities of 
sulfite acted favorably. He also mentioned the fact that B. 
tuberculosis-hominis, B. pseudotuberculosis, B. diphtheriae, B. 
pseudodiphtheriae, and B. acidi-lactici did not reduce. He, too, 
gave hydrogen sulfid as the cause of reduction. 

In the work here reported the effect of various selenium com- 
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pounds upon the growth and upon the reducing power of some 
of the important groups of bacteria was studied. Experiments 
were also undertaken to prove or disprove the statement that 
anaerobes did not reduce, and to ascertain the validity of Glo- 
ger’s conclusion that hydrogen sulfid was the cause of reduction. 
Still other experiments were carried out to determine the nature 
of bacterial reductase. The organisms studied were obtained 
from Prof. C.-E. A. Winslow’s valuable collection in the Ameri- 
can Museum of Natural History, New York City. 


EFFECT OF SELENIUM COMPOUNDS UPON THE GROWTH OF 
BACTERIA 


The effect on growth was studied with a view towards dis- 
covering any relation between growth and reduction. Selenium 
dioxid, selenic acid, sodium selenite, sodium selenate, and po- 
tassium selenocyanid were the compounds employed. Colloidal 
selenium was not included, but it has recently been shown by 
Henry Crooke that it has no germicidal action. 

The organisms tested were Bacillus coli-communis and Strep- 
tococcus pyogenes-aureus. The medium used was liquid broth, 
acid in reaction (pH 6.8). The nutrient media were made up 
with increasing amounts of the selenium salts or acids. The 
concentrations employed for sodium selenate were 0.15, 0.28, 
0.40, 0.50, 0.60, 0.68, 0.77, 0.83, 0.90, 0.96 per cent. These 
figures are on the basis of crystalline sodium selenate 
(NaSeO,:10H:O). For selenium dioxid (SeO,), selenic acid 
(H,SeO,), sodium selenite (Na,SeO;) and potassium selenocyanid 
(KCNSe) lower dilutions were used: 0.06, 0.11, 0.16, 0.20, 0.24, 
0.27, 0.30, 0.33, 0.36, and 0.38 per cent. The tubes were ex- 
amined after twenty-four, forty-eight and seventy-two hours. 

Briefly stated, the results were as follows: At the end of twenty- 
four hours only the tubes of the lowest concentration showed 
growth but after seventy-two hours all of the tubes gave evidence 
of growth. Streptococcus pyogenes-aureus proved more sensi- 
tive to the selenium compounds tested than did Bacillus colt. 
Thus at the end of the first day B. coli showed growth in the 
tubes containing 0.15 to 0.95 per cent sodium selenate, while 
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the streptococcus gave growth in the 0.15, 0.28 and 0.40 per 
cent tubes only. In degree of toxicity the compounds may be 
arranged in the following series of diminishing effect: selenium 
dioxid (selenious acid), selenic acid, sodium selenite, sodium 
selenate, potassium selenocyanid. This order agrees well with 
that found by Levine in a study of the toxic effect of selenium 
compounds upon yeast, plants and animals. 

Selenium dioxid and selenic acid in concentrations as low as 
0.06 per cent exercised a marked inhibitory effect. Sodium 
selenite did not retard growth as much as selenious acid. So- 
dium selenate and potassium selenocyanid in the very low con- 
centrations had slight effect on the growth of the organisms 
tested. It is interesting to mention that Némec and Kas found 
that extremely small amounts of sodium selenate increase the 
development of certain types of molds, even in the presence in 
the culture medium of zine and manganese compounds. 

A very interesting feature of the experiments was the forma- 
tion in cultures containing selenious acid, sodium selenite, and 
selenic acid of free brick-red selenium, which in part precipitated 
and in part suffered colloidal dispersion in the liquid medium. 
Reduction took place only where growth occurred and the 
profuseness of reduction paralleled that of growth. Selenic acid 
was reduced more slowly than selenious acid. This fact seems 
to indicate that reduction takes place in two stages. At first the 
selenic acid is reduced to selenious acid and this is further re- 
duced to free selenium. 

Sodium selenate was not reduced to free selenium. The 
formation from potassium selenocyanid of free selenium only 
occurred as a result of the production by the organism of acid 
metabolites. The formation of free selenium from this com- 
pound cannot be looked upon as a vital phenomenon. Levine 
and Ahana have shown that acid solutions have the power 
to decompose it with the formation of free selenium. The 
reaction depends upon the hydrogen ion concentration. They 
have proposed the use of potassium selenocyanid as a quali- 
tative test for free acidity in the gastric contents and have 
found it as efficient as Tépfer’s reagent. While growth after 
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the first day occurred in all the B. coli and streptococcus tubes, 
none showed reddening. On the second day as acidity de- 
veloped some tubes showed reddening and the number of tubes 
giving free selenium increased on the third day. 


LOCALIZATION OF SELENIUM IN THE CULTURE MEDIUM 


In order to gain a better idea as to the localization of the red 
deposits it was thought advisable to employ a solid nutrient 
medium such as peptone agar. All the solid media used in this 
series of experiments and in experiments following were rendered 
sugar-free by inoculation with B. coli and subsequent steriliza- 
tion. To each petri dish were added peptone agar, 0.05 cc. of 
broth containing a heavy growth of Bacillus coli or Streptococcus 
pyogenes, and also a definite amount of the selenium compound. 
The total volume was made up to ten cubic centimeters. The 
culture plates were then kept in the incubator at 37.5°C. 

The results are tabulated in table 1. 

It is seen from these experiments that reduction followed the 
path of growth. Colonies alone were colored brick-red. The 
barren regions of the medium remained unchanged in color. 

Tellurium dioxid in concentrations of 1:10,000 was also re- 
duced by B. coli. The colonies alone showed up in grayish- 
white circles, in the center of which dark gray metallic tellurium 
spots were especially noticeable. 


IS BACTERIAL REDUCTION CAUSED BY HYDROGEN SULFID? 


Desiring to confirm the statement made by Gloger that only 
organisms that produce sulfuretted hydrogen were able to cause 
reduction, the author repeated Gloger’s experiments using, 
however, selenium dioxid and sodium selenite instead of potassium 
tellurite. 

On growing the organisms used by Gloger, B. acidi-lactici, 
B. diphtheriae, B. pseudodiphtheriae, in a sugar-free medium to 
which had been added five or six drops of 1 per cent solution of 
neutralized sodium selenite, faint reduction was found to have 
occurred at the end of twenty-four hours along the path of the 
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stab of the cultures of B. pseudodiphtheriae. Cultures of B. 
coli, serving as controls, showed remarkable profuseness of re- 
duction. At the end of two weeks, pigmentation was not found 
in the B. diphtheriae and B. acidi-lacticit cultures, although con- 
trol cultures, which had indicated reduction at the end of one 
day, showed greater reduction at the end of the fortnight. 

selieving that reduction did not take place because of the 
high concentration of sodium selenite, the experiments with 
B. acidi-lactici and B. diphtheriae were repeated. This time 
only two drops or 0.1 cc. of a 1 per cent solution of selenium 
dioxid or 0.1 ec. of a 0.2 per cent solution of sodium selenite 
were used. At the end of twenty-four hours the two organisms 
showed good reduction along the line of growth, in both the 
selenium dioxid and in the sodium selenite media. 

Tabulating the results of different workers, we find the fol- 
lowing condition in respect to Gloger’s statement: 





| HS | gosto GLOGER| LEVINE KLIGLER | BELFANTI 
NAME OF ORGANISM PRODUC 1905 1906 1913 1913 1914 
TION Na:TeOs | KrTeOs | NasSeOs SeOr NazTeOs 
B. tuberculosis-hominis... .| Faint Nega- | Reduc- Reduc- 
reduc- tive| tion tion 
tion 
B. tuberculosis-avium... .. | Faint Nega- Reduc- 
reduc- tive | tion 
tion 
B. diphtheriae. ........... Traces | Faint Nega- | Reduc- | Reduc- 
reduc- tive tion tion 
tion 


B. pseudotuberculosis 


SS Sr |No re-| Nega- 

| due- tive 
} tion 

B. pseudodiphtheriae. ..... Traces | Faint Nega- | Reduc- | Reduc- 
reduc-| tive tion tion 
| } tion 

B. acidi-lactict............ Strong | Nega-| Strong | 
reduc-| tive| reduc-| 
| tion tion | 

Spirillum rubrum......... | Not Nega- | Not 


tried tive tried 
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Kligler, in looking for a rapid and convenient method of dif- 
ferentiating B. diphtheriae from B. pseudodiphtheriae, attempted 
to grow these organisms on media containing one part of selen- 
ium dioxid in fifty thousand. He found reduction in both 
organisms. When grown on slant cultures, those organisms on 
the surface of the slants were usually unpigmented, but reduc- 
tions were always observed within the medium, the reduced 
selenium accumulating as a rule in the water of condensation. 


REDUCTION OF ANAEROBES 


Klett found that sodium selenite so markedly arrested the 
growth of the anaerobes, of malignant edema and symptomatic 
anthrax, that no reduction was observed. They, however, re- 
duced sodium tellurite and in the presence of this salt growth 
continued vigorously. Gosio in his first paper dealing with 
selenite and tellurite reduction found that the bacilli of oedema, 
tetanus and symptomatic anthrax hardly gave any growth in 
his special media and manifested no reducing power. He used 
very high concentrations, a few drops of a 20 per cent solution 
in each tube. W. Kruse in his text book stated that while 
selenites and tellurites are reduced by aerobic bacteria no 
such action can be induced by anaerobic cultures. It seems 
important to ascertain these points, for if selenium is to be 
used as an index of bacterial contamination, growth of anaerobes 
would pass unnoticed. 

In order to put these facts to the test, there were made some 
preliminary experiments with the organisms of symptomatic 
anthrax, oedema and tetanus. It was found that on the addi- 
tion of five or six drops of 2 per cent sodium selenite to a sugar- 
free medium no growth was obtained. It seems that the con- 
centration of selenite was too great and the experiment was 
therefore repeated, using 0.15 cc. of a 1 per cent sodium selenite. 
Other experiments were tried with 0.15 cc. of 1 per cent potas- 
sium selenocyanid and 0.1 cc. of a 0.5 per cent selenium dioxid. 
At the end of twenty-four hours the potassium selenocyanid did 
not inhibit the growth of these organisms, and gas formation 
had taken place in the tetanus tube. No red pigmentation was 
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noted in any of the selenocyanid tubes. In the oedema culture 
containing sodium selenite and in the one containing selenium 
dioxid there was very slight growth. In both tubes reduction 
alone the line of meager growth had taken place. In the tet- 
anus tubes there was no growth and no reduction in the selenium 
dioxid or in the sodium selenite medium. Selenium dioxid and 
sodium selenite tubes inoculated with symptomatic anthrax 
displayed no growth and consequently no reduction. 

At the end of the second day the reduction observed with the 
oedema bacillus was more profuse. There was greater growth in 
the sodium selenite tube. With the tetanus organism, reduc- 
tion was noticeable in the selenium dioxid tube after two days, 
but no growth and no reduction in the sodium selenite tube. 
After the fifth day slight reduction was observed in the sodium 
selenite tube inoculated with symptomatic anthrax. After 
eight days the selenocyanid showed no free selenium formation. 

It was considered probable that the selenocyanid in greater 
amounts would form brick-red selenium along the path of growth. 
B. coli, and the bacilli of symptomatic anthrax, oedema and 
tetanus were grown in a potassium selenocyanid medium con- 
taining 1 per cent lactose and also in a sugar-free medium. To 
each tube was added either 0.5 or 1 cc. of the selenocyanid. 
It was noted that the presence of these relatively large amounts 
of potassium selenocyanid caused a diminution in the growth of 
the anaerobic organisms and in the volume of the gas liberated. 
There occurred less growth in the tubes containing the larger 
amounts of the salt. No pigmentation, however, was observed 
at the end of the week, either in the sugar-free or in the sugar- 
containing medium; B. coli, however, showed reduction along the 
stab in the lactose medium containing 1 cc. of potassium seleno- 
cyanid. A sugar-free medium inoculated with B. coli, gave 
evidence of reduction at the end of three days. Evidently the 
presence of lactose favored acid production by B. coli and there- 
fore acid decomposition of the selenium compound. When the 
tubes were allowed to stand the selenium tint diffused gradually 
through the medium. 

A more systematic study of the anaerobes was determined 
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upon. Having found that the concentration of the selenium 
compounds was an important factor in growth and in reduction, 
sodium selenite was added to the medium employed in the 
following concentrations: 1:100,000; 1:50,000; 1:25,000; and 
1:10,000. 

Fifteen anaerobes, including B. Welchii, B. tetani, B. chauvoei, 
B. putrificans, B. oedematis and B. botulinus were tested in 
ordinary agar stabs. The tubes were inverted in alkaline 
pyrogallol solution and incubated, the results being recorded 
after one, two, three and four days respectively. An abundance 
of both growth and reduction was noted. As in the other ex- 
periments the intensity of reduction was a function of luxuriancy 
of growth. In all instances reduction was obtained along the 
line of growth only. 

We find here a very striking corroboration of the fact long 
reported by Cahen, Smith, Kitasato and Weyl that anaerobes 
reduce as a result of the biogenic activity of the cell. These 
investigators, however, worked with dyes and the relation of 
the cell to the reducing process was not as strikingly brought out 
as in the case of the selenium compounds. Here reduction is 
localized and seems intimately related to the growth of the 
organism, while the presence of the free chocolate-red or brick- 
red selenium granules in the cell points strongly to the fact that 
the reduction is an intracellular phenomenon. The anaerobic 
bacteria evidently utilize oxygen for their metabolic processes 
just as the anaerobes do, and it is only oxygen in the free 
state that is inimical to the life of the organism. 

No appreciable inhibition of growth was observed except in 
some cases in concentrations of 1:10,000. Reduction in dilu- 
tions of 1:100,000 was found to have taken place with most 
strains within forty-eight hours. At the end of two days the 
red selenium streak following the path of growth began to dis- 
appear and at the end of three days no sign of free selenium 
was visible except in the case of one strain of B. oedematis- 
maligni and B. putrificans. The higher selenite concentrations 
showed excellent reduction but there was less tendency for the 
precipitated selenium to disappear. At the end of three months 
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the brick-red selenium had completely disappeared in all the 
culture tubes except the ones containing sodium selenite in the 
proportion of 1:10,000. For practical purposes, concentrations 
of 1:25,000 give the best results, as all the strains tried reduced 
within twenty-four to forty-eight hours, while in 1: 10,000 selenite 
agar, one strain of B. Welchii, one strain of B. tetani, B. oedematis 
and B. oedematis-maligni failed to reduce even at the end of 
four days. 


REDUCTIONS WITH THE DIPHTHERIA GROUP 


Gloger reported failure of B. diphtheriae and B. pseudodiph- 
theriae to reduce. This was probably due to the high concen- 
tration of selenium compound used. Joachimoglu and Hirose 
report that the following concentrations will kill diphtheria; 
1:1160 for sodium selenite; 1:420 for sodium tellurite; 1:666 for 
selenate; 1:125 for tellurate. They employed a culture medium 
containing 4 per cent sugar. Conradi, on the other hand, made 
use of the reducing action of B. diphtheriae on tellurium salts for 
the isolation of these organisms. It seemed likely, therefore, 
that a more thorough study of the reducing powers of the dif- 
ferent members of this group might reveal characteristics that 
would be of value in differentiating them from one another. 

Four strains of B. diphtheriae, seven strains of pseudodiph- 
theriae and three strains of diphtheroid organisms from Hodg- 
kin’s disease were used. These were grown on agar slants con- 
taining 0.0001, 0.00004, 0.000001 gms. of sodium selenite or 
selenium dioxid, in 1000 grams of agar. Observations were 
made after five hours, twenty-four hours, four days and ten 
days. The nature of the growth and the intensity of the re- 
duction were recorded. 

In general, reduction was obtained with all the strains, the 
best reaction appearing in the 1:10,000 dilution of sodium 
selenite and in the 1:25,000 of selenium dioxid. It is evident 
that the concentration of the selenium reagent is the important 
factor in determining the course of reaction. It is also interest- 
ing to note in this connection that while reduction was obtained 
in dilutions as high as 1:100,000 and in some cases even in 
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1:200,000 the red color due to the deposition of selenium gradu- 
ally faded away and disappeared completely after a few days. 
In the higher concentrations the fading was not as marked 
and the intensity of the color was not appreciably diminished 
after a month. 

Gosio, Maassen and also Rosenheim have proven the formation 
of a volatile organic selenid or tellurid when microérganisms 
are grown in cultures containing compounds of selenium. Maas- 
sen showed that the alkyl selenid or tellurid produced by micro- 
organisms was ethyl selenid or tellurid, while Hofmeister working 
with tissues of higher animals found the alkyl to be methyl. The 
fading, which was also observed with anaerobes, is probably due 
to volatilization of the selenium in the form of an organic com- 
pound. 

Reduction is intimately associated with vigor of growth. Too 
high a concentration inhibits growth and gives diminished 
reduction. Too low a concentration, on the other hand, does 
not inhibit growth and may give no evidence of reduction; 
apparently it has no effect on the bacterial cell since the latter 
does not avail itself of the oxygen in this compound, as indicated 
by the absence of reduction. The diphtheria bacilli are more 
sensitive to the toxic action of the selenium compounds than 
are the diphtheroids. A marked inhibition is observed in the 
growth of the former in a dilution of 1:10,000 of the selenium 
dioxid, while the latter are affected but little by that concentra- 
tion. 

The abundance of oxygen likewise influences the intensity of 
reduction. Thus but little reduction is obtained on the upper 
part of the streak, while the reduction is more marked in the 
water of condensation and still more evident in the stab. Ap- 
parently these cells utilize the combined oxygen only when the 
oxygen pressure of the medium falls below a certain point. 

Reduction of selenite and selenium dioxid is an intracellular 
phenomenon. The reduction always follows the line of growth 
in the stab culture. On streak growths only the discrete colonies 
(or the entire growth if the growth is confluent) are colored red 
while the rest of the medium is not colored. Reduction is al- 
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ways more intense in the center of the colony and fades away 
toward the edge. A microscopic examination reveals the red 
granules of elemental selenium deposited within the cell. 

Aside from the difference in sensitiveness to the toxic action 
of the selenium dioxid, the diphtheria and pseudodiphtheria 
bacilli also show very distinct differences in the character of their 
growth on the streak. This characteristic difference most likely 
results from the inhibitive action of the selenium dioxid. The 
diphtheria bacilli grow in the form of small discrete colonies, of 
brick-red color (due to a deposition of selenium), while the 
pseudodiphtheria bacilli grow in larger colonies or in a continuous 
streak along the line of inoculation. 


EXPERIMENTS WITH THE COLON-TYPHOID GROUP 


All the members of the colon-typhoid group were tested by 
Kligler, Greenberg and the author, in a manner similar to that 
employed in the study of the diphtheria organisms with the 
exception that only one dilution (1:10,000) of sodium selenite 
was used. The cultures were streaked on agar slants containing 
the selenite and observations made after twenty-four hours, 
forty-eight and ninety-six hours, respectively. Forty-five colon- 
organisms, ten dysenteriae and twenty B. typhi were tested. 

In brief, the results were as follows: After twenty-four hours 
all organisms gave distinct reduction except the B. dysenteriae, 
paratyphi A and the fowl cholera bacilli? The coli, para-coli 
and enteritidis types and some B. typhi gave strongest reduc- 
tion, the typhi and paratyphi B. followed closely. That B. coli 
is a better reducer than B. typhi has also been demonstrated 
with nitrate (Dieudonné, Lunkevicz), and with ammonium 
molybdate (Capaldi, Proskauer). After forty-eight hours B. 
cholerae showed reduction, while the dysenteriae and paratyphi 
A still failed to show any or but faint traces of reduction. 
Practically the same result was obtained after ninety-six hours. 
These results are significant in that they strengthen the view 
that the colon para-colon enteridis group is closely associated, 


2? With lower concentration of sodium selenite Gosio obtained reduction with 
dysentery and paratyphoid organisms. 
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that B. typhi and B. paratyphi B are more intimately related, 
while the paratyphi A and dysenteriae form a third division 
of the family. 

Handel and Theodorascu observed that most strains of B. 
coli were more inhibited in their growth by sodium selenite than 
were typhoid bacilli; Guth was able to confirm this and found 
that the selectivity for the latter organism was increased by an 
alkaline reaction. The optimum concentration of the selenium 
salt he found to be 0.15 per cent. A comparison with mala- 
chite green and Endo agar showed the superiority of selenium 
agar as a culture medium for the selective growth of typhoid 
bacilli. As a practical medium Guth used selenium-agar to 
which was added 0.1 per cent crystal violet. 


SELENIUM COMPOUNDS AS INDICATORS OF MICROBIAL LIFE 


The use of dyes, such as methylene blue, as indicators of 
biologic reducing processes is by no means ideal. Methylene 
blue is very easily reduced by a great many compounds which 
may happen to be in the culture medium. Hasse has shown that 
among the amino acids, glycine is the most potent in bringing 
about the reduction of methylene blue. The leuco form of the 
dye, moreover, is very easily re-oxidized to methylene blue by 
exposure to air or by shaking. This fact can be readily illus- 
trated by the following experiment. Leuco-methylene blue can 
be prepared by boiling with zine dust an aqueous solution of the 
dye made alkaline with sodium hydroxide. The colorless liquid 
which results becomes blue on the addition of tap water or on 
slight shaking. 

Selenium compounds as indicators are of greater value. The 
reduction is localized and for that reason cannot be ascribed to 
bacterial metabolites. Furthermore, reduction of the selenium 
compound is an irreversible reaction. The precipitated selenium 
shows no tendency to reoxidize. 

In order to serve as indicators of microbial life selenium dioxid 
or sodium selenite should be reduced by all microérganisms. 
Those, which at first evinced no such power, did not reduce owing 
to the presence in the medium of too high a concentration of the 

















REDUCING PROPERTIES OF MICROORGANISMS 237 


selenium compound. It will be remembered that selenium dioxid 
or sodium selenite in too great amounts can prevent growth 
entirely. Without growth there is no reduction, for the intensity 
of the latter process is directly proportional to that of the former. 
The result of retardation in growth depends not only upon the 
concentration of the selenium compound but also upon the 
nature of the organism. Concentrations which have no effect 
upon one individual or a whole type will prevent growth and 
therefore reduction in another individual or another type. This 
explanation holds for members of the anaerobe group, the tuber- 
culosis group, the diphtheria group, the colon-typhoid group and 
a few isolated individuals. In the cases of anaerobes, selenium 
dioxid or sodium selenite proves very inimical to growth. When, 
however, the medium contains very minute amounts of the 
selenium compound growth and reduction invariably result. 

Proteus mirabilis and B. phosphorescens, according to Gosio's 
first communication, gave uncertain reactions. It was found 
that in repeating experiments with these two organisms, /’. 
mirabilis grown on a sugar-free medium containing five or six 
drops of neutralized sodium selenite brought about good reduc- 
tion within twenty-four hours. B. phosphorescens under similar 
conditions did not cause reduction. 

The experiment with B. phosphorescens was repeated with 
smaller amounts of sodium selenite. Selenium dioxid was also 
tried as indicator. To tubes containing sugar-free medium was 
added 0.1 ec. of 0.2 per cent sodium selenite solution. Tubes 
were also made up with 0.1 cc. of 0.1 per cent selenium dioxid 
solution. At the end of three days reduction was noticeable 
in the phosphorescens culture treated with sodium selenite but 
not in the one containing the more toxic selenium dioxid. 
Evidently this organism responds very sensitively to selenium 
compounds, a fact which accounts for Gosio’s negative finding. 
Growth was hardly noticeable. 


ALKYLATION BY MICROORGANISMS 


We have seen that certain bacteria produce volatile com- 
pounds of characteristic odor from culture media containing 
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sodium selenite and that in some instances the brick red selenium 
formed by reduction is entirely removed by a biologic process of 
volatilization. This disappearance, which we believe is the 
result of alkylation, takes place very readily in cultures hav- 
ing extremely low concentrations of sodium selenite. 

The researches of several investigators have established the 
fact that alkylation is not an unusual biologic process. His 
found that pyridine is converted in the biologic organism to 
methyl pyridyl ammonium hydroxid. 


on oe 


N N 
i." 


CH; OH 


Neuberg and Grosser observed the formation of diethyl methyl] 
sulfinium base from diethyl sulfid. 


C:H;s C;H; fe 
»— "»s 
C,H; C,H; Nou 


Pohl demonstrated the production from thiourea of diethyl 
sulfid. 
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Gosio was the first to show that certain molds grown upon 
media containing minute quantities of arsenic produce volatile 
compounds characterized by a garlic-like odor. Biginelli proved 
that the gas generated from arsenic cultures was completely 
absorbed by mercuric chlorid solution with the formation of 
colorless crystals of a double compound of diethyl arsine and 
mercuric chlorid, represented by the formula 


As H(C,Hs): 2HgCl, 


Penicillium brevicaule, which Gosio isolated from the air, pos- 
sessed this property in the highest degree. Indeed, this mold 
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may be regarded as a living reagent for arsenic. According to 
Abel and Buttenberg, quantities as minute as 0.000001 gram 
may be recognized with certainty. This test is so delicate that 
it has been found of great value in toxicological analysis in the 
preliminary examination for arsenic. It is considerably more 
delicate than Bettendorf’s test and it may equal in sensitiveness 
the Marsh and the Gutzeit tests. The great advantage of the 
biological over the chemical method lies in the fact that less 
time is required to get results since the tedious destruction of 
organic matter is rendered unnecessary, and since, furthermore, 
a number of tests may be made at the same time. 

The “arsenic molds’ do not produce odoriferous volatile com- 
pounds from sulphur, phosphorus, boron, bismuth or antimony 
compounds, but they possess the power of converting selenium 
and tellurium compounds into volatile substances of character- 
istic odor. The odor from tellurium compounds resembles that 
arising from arsenic compounds, and is garlic-like, while the 
odor from selenium compounds is mercaptan-like. Selenium 
and tellurium may be differentiated from arsenic by the use of 
molds which do not alkylate the latter. According to Maassen 
0.1 gram of sodium selenite or tellurite in 50 grams of culture 
medium inhibits or prevents the formation of the volatile com- 
pound, and 0.001 gram of sodium selenite or tellurite does not 
produce the odor. In order to get a positive test 50 grams of 
the nutrient medium should contain no less than 0.005 gram 
and not more than 0.1 gram of selenite or tellurite. The odor 
persists for months. 

A number of workers—Japha, Rabuteau, Czapek and Weil, 
Hofmeister, Woodruff and Gies, Maassen, Jones, Filippi and 
Levine—have observed after the administration of selenium 
compounds to animals the presence of a volatile compound of 
characteristic odor emanating from the expired air. Gmelin, 
Hausen, Heeren, Rabuteau, Czapek and Weil, Hofmeister, 
Mead and Gies and others have observed a peculiar odor about 
their clothing, about the animals and in the room when experi- 
menting with tellurium compounds. The odor was attributed 
by some (Rabuteau, Fillipi) to hydrogen selenid or tellurid while 
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others (Wohler and his pupils) believed it to be due to ethyl 
selenid or tellurid. Hofmeister in an extensive research found 
methyl tellurid in the expired air of experimental animals. 
Reasoning by analogy, he concluded that the substance exhaled 
by animals dosed with compounds of selenium, was methyl 
selenid. Maassen corroborated the findings of Hofmeister in 
so far as higher animals were concerned. He proved, however, 
that while animals synthesized the methyl selenid or tellurid, 
microérganisms produced the ethyl selenid or tellurid. 


MICROORGANISMS AS REAGENTS FOR SELENIUM COMPOUNDS 
1. Alkylation through molds 


There are two type methods in toxicological procedures for 
the detection of selenium. One type method depends upon 
purely chemical means. The tissue under investigation is oxi- 
dized, using as the oxidizing reagent any of the following: po- 
tassium hydroxid and potassium nitrate (Kletzinsky), aqua 
regia (Vohl), nitric acid (Quarelli, Levine), nitric and sulphuric 
acids (Duhamel and Juillard), potassium chlorate and hydro- 
chloric acid (Levine). After removal of excess of the oxidant 
the resulting clear solution is boiled with hydrochloric acid to 
reduce any selenate to selenite. 


Na» Se( s + 2HCl —> Na: SeO; > H,0 a Cl, 


The selenite is finally reduced to free selenium with sulphur 
dioxid (Kletzinsky, Quarelli, Vohl, Levine) or hydrazine hydrate 
(Duhamel and Juillard). 

The other type method is biological. There are three dis- 
tinct ways of detecting selenium biologically. One of these is 
through the use of molds. The detection of arsenic employing 
molds as biologic reagent has become a well established method 
as a result of the researches of Gosio, Abel and Buttenberg and 
others, and has now found its way into standard text books on 
toxicology. This mold method also works for selenium. It is 
necessary, however, to subject the tissues to oxidation before 
using the microérganic reagent. According to Rosenheim, free 
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selenium or tellurium, unlike free arsenic, is not alkylated by 
molds. Administration of selenium compounds to animals sets 
up according to Levine two processes of detoxication: one, re- 
moval of the poison by volatilization through a process of alkyla- 
tion; the other, the reduction of the compound to inert, non- 
toxic, free selenium which deposits in the tissues. Before ap- 
plying a mold like Penicillium brevicaule, the tissue is oxidized 
in order to convert any free selenium to the selenite form. 
Quarelli was the first to make actual application of the mold 
method. He employed it in the analysis of tissues of a human 
being who had died of cancer, and who had received while still 
living, injections of colloidal selenium, a substance for which 
in cancer some clinicians claimed therapeutic value. The tissues 
were dried in a thermostat, powdered, suspended in water and 
treated with nitric acid. The selenium was thus converted to 
selenious acid. The excess of nitric acid was removed by evapor- 
ation. The mixture was finally neutralized with 0.1 N sodium 
hydroxid. Portions of the solution of tissue thus prepared were 
inoculated with mold, while other portions were acidified with 


hydrochloric acid and reduced to free, brick-red selenium by 
means of sulfur dioxid. The chemical and the biological method 
gave similar results. With both methods Quarelli obtained the 
greatest quantity of selenium in blood and liver and relatively 
smaller quantities in gall bladder, heart, aorta, stomach, pan- 
creas and duodenum. 


2. Reduction by bacteria 


Scheuerlen, Klett, Gosio, Maassen and others have shown that 
sodium selenite is reduced by bacteria to brick-red selenium. 
This reduction we have also found to occur with selenious acid 
and with selenic acid, but not with its salts, the selenates. 
Potassium selenocyanid also yields free selenium, but this de- 
composition is not a vital phenomenon since acids in general 
and specifically acid metabolites in the culture medium bring 
about this result. 

With sodium selenite the precipitated selenium can be very 
prettily observed in the medium along the path of growth. 
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Glucose accelerates the reducing process. One part of sodium 
selenite may be detected by reduction in 200,000 parts of culture 
medium. 8B. coli is especially suitable as a biologic reducer. 
The tissue containing selenium is digested with nitric acid. The 
excess thereof is removed by evaporation. The residue is 
boiled with hydrochloric acid to reduce any selenate to selenite. 
The resulting solution is evaporated to a small volume, neutral- 
ized and incorporated into glucose agar medium, which is finally 
inoculated with B. coli. The efficacy of the procedure was 
proven as follows: to tissues in 5 gram portions—muscle, liver, 
spleen and blood—were added 0.0005, 0.001 and 0.002 gram of 
sodium selenite. These were treated in the manner described 
and the final residues mixed with 10 grams of culture medium. 
Inoculated with B. coli the media showed a streak of red selenium 
following the line of growth in the stab culture. 

Experiments in vivo were also performed. One rabbit was 
given subcutaneously 0.0005 gram, while another was given 
0.001 gram of sodium selenite per kilo. Portions of the liver 
of these animals were oxidized. Selenium was detected by the 
formation of brick-red selenium through reduction with sulphur 
dioxid of one-half of the oxidized tissue residue acidified with 
hydrochloric acid. The other half was incorporated in culture 
media, which were inoculated with B. coli. The brick-red line 
following the path of growth indicated the presence of selenium. 
Portions of the liver were put in 5 per cent formaldehyde, sec- 
tioned and stained with eosin and hematoxylin. The liver cells 
had degenerated to such an extent that they stained very poorly. 
Chocolate red granules of selenium were found intracellularly 
and extracellulary. 

The histological method, which constitutes a third biological 
method, was used by Jones to demonstrate the reduction of 
selenium compounds in the animal organism. Levine has 
elaborated this method as a toxicological procedure. Dogs and 
rabbits given sublethal and lethal doses of selenium compounds 
show reduction in some tissues, especially in the liver. He 
recommends the histological examination of the liver and other 
tissues as a routine procedure in the toxicological analysis of 
tissue for selenium. 
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THE NATURE OF BACTERIAL REDUCTION 


Reduction is brought about by the bacterial cell. This fact 
was proven by Spina and Rothberger. According to these in- 
vestigators, heating cultures at 60° to 70°C. destroys the reduc- 
ing power. Gosio found no reduction in dead cultures. Smith 
did not observe reduction in filtered culture although Hahn and 
Catheart, working with methylene blue, found filtrates to be 
reducing in action. According to Cahen, Spina, Smith, Roth- 
berger, Klett, Beijerinck and Maassen, reduction is due to the 
direct activity of the bacterial cell. Roszahegyi, Baginsky, 
Miiller, Wolff, and Wichern conclude, however, that reduction 
results not directly from the bacterial protoplasm but from its 
products of metabolism. The later findings, those of Kanaido, 
indicate that reduction is a vital process and is inhibited by 
rabbit’s normal serum and to a very marked degree by homol- 
ogous immune sera. 

The reducing power of bacteria has been ascribed by recent 
investigators to an enzyme named reductase. Sterile bacterial 
extracts are known to have reducing power. Avery and Neill 
obtained reduction of methylene blue from sterile broth extracts 
of unwashed pneumococci entirely free from living or intact 
cells. There has been a great deal of discussion regarding the 
nature of bacterial reductase. The question whether it is an 
exo-enzyme or an endo-enzyme or whether such a thing as bac- 
terial reductase exists, has been answered both affirmatively and 
negatively. Experiments undertaken by Kligler and Levine 
with the intention of determining these points, indicated that 
reduction was closely associated with the life of the cell, and 
that the more vigorous the growth the more marked was the 
reduction. The filtrate of a broth culture of B. coli passed 
through a Berkefeld failed to reduce selenium dioxid. In an- 
swer to the objection that the Berkefeld withheld certain sub- 
stances, such as a co-activator or the enzyme possessing reduc- 
tion properties, we point to the lack of reduction in the agar 
tube outside of the zone of growth. If there were such a sub- 
stance as a soluble bacterial reductase or some metabolic by- 
product of reducing nature, its gradual diffusion throughout the 
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medium should cause diffuse reduction. Furthermore, a killed 
broth culture of B. coli added to the solution of selenite failed 
to show any reduction even after two weeks. Finally a large 
mass growth of an actively reducing strain of B. coli was dried 
in a desiccator triturated with sand, taken up with physiological 
salt solution and centrifuged. The supernatant liquid (1) kept 
under toluol to prevent growth, together with a solution of 
sodium selenite to make up a concentration of 1:10,000, failed 
to bring about any reduction. The residue (2) was extracted 
with a mixture of glycerol and water. This extract (3) had no 
reducing action on sodium selenite. The mass (4) remaining 
after the glycerol extraction was also brought into contact with 
sodium selenite but no reducing action was apparent. However, 
a combination of supernatant liquid (1) and residue (2) showed 
decided ability to reduce. 

Harden and Zilva believe that the reducing enzyme is not a 
single principle but a system consisting of enzyme plus acceptor 
or activator. They found that by washing with saline Bacillus 
coli-communis loses its activator or acceptor and is no longer 
able to reduce methylene blue. Addition of the boiled washings 
restores, however, the lost function. Avery and Neill found 
that washing pneumococci in phosphate solution also renders 
them incapable of reducing methylene blue. Upon the addition 
of meat infusion or extract these washed bacterial cells recovered 
their reducing power. To determine the nature of the activator 
or acceptor, Harden and Zilva added a great variety of sub- 
stances to their washed organisms. They obtained positive 
results with a great number of the substances used. The follow- 
ing list gives the results with the compounds and mixtures 
tested: 

Positive 


I I Pe ......Mannitol 


peardpsciatatecl ere 
I ba tasers ide Scatern lies ets See 
Liebig’s extract 
ee ee ; 
NE eh patel dicta aie Pel aca as 


Glucose 


Yael ee 

suena sbasssiue Globulin 
nieuelrpire ....Peptone (Witte) 
EE SS et ee ..+se+e--50dium acetate 
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DING i tonhndcekk Wed ebaaekaes ee eee .. Sodium formate 
I oe tek aie pea ais ip canes ...50d1lum succinate 
iT alae tain di Tels weeeeees- SOdiuM lactate 
iY cb ahdedennsedsess oe ; .... Sodium pyruvate 
Ee ee eee eee . . ‘ .... Sodium glycerate 
Ee ee Ee ll 


PETC TCO CCC Ter eT ..... Potassium oxalate 
Acetaldehyd....... ve stkannd ...-Rochelle Salts 
Propylaldehyd , Sodium citr 
Isovaleraldehyd ; 2 Hydroxybutyric acid 
Cinnamylaldehyd. . ‘i Linolinic acid 
Salicylaldehyd. . ee Butyl alcohol 
Lactose....... ; chee cen eae ; Phloroglucinol 
Raffinose........ ; a ne Creatin 

chs i o-b40a adhe eres - Guanidin hvdrochlorid 
aa re . rr Kats .. Hypoxanthin 
inc ines Gemrea + wale ame eee 

ods ascakeutn nse aens eee 

RE re a a eee eee 


Bach maintains that simple aldehydes possess the power to 
activate. According to him, amino acids may also function, 
since these are readily converted to aldehyd. Harden and 
Zilva’s experiments, however, proved negative with aldehydes. 
Bach claims that complex aldehydes like carbohydrates do not 
activate. Harden and Zilva found a number of carbohydrates 
capable of restoring reducing power. 

Abelous and Aloy found that many substances besides alde- 
hydes act as activators or co-ferments. Among others may be 
mentioned benzylamin, dibenzylamin, substances with hetero- 
cyclic groups, such as quinolin, the terpene hydrocarbons and 
such inorganic compounds as manganese salts. Harden and 
Norris found with washed yeast a number of substances capable 
of playing the réle of activator or acceptor. Such were ben- 
zaldehyd, salicylaldehyd, anisicaldehyd, isovaleraldehyd, dihyd- 
roxyacetone, succinic acid, glycollic acid, lactic acid, sodium 
lactate, citric acid, glyceric acid, bouillon, boiled yeast extract, 
normal horse serum and sterile milk. Negative results were 
obtained with glycol, propylene glycol, 2-3 butylene glycol, 
glycerol, pyrogallol, resorcinol, quinol, acetone, formaldehyd, 
acetaldehyd, methylglyoxal, citral, glucose, levulose, pyruvic 
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acid, formic acid, acetic acid, malic acid, tartaric acid, mandelic 
acid, yeast nucleic acid, creatine, guanidin, p-phenylenediamin, 
glycocol, alanine, aspargine, tyrosine, and Witte’s peptone. 

The number of compounds that have the power to re-activate 
the reducing enzyme present such a variety of chemical types 
that it is difficult to determine a specific chemical nature for 
the compounds functioning as activators. It is very likely that 
the réle of acceptor or activator may be played by any compound 
that has the power to take up with ease the oxygen removed from 
the substrate or zymolyte undergoing reduction. 

There seem to be some discrepancies in the results of the in- 
vestigators cited. Harden and Norris found that acetaldehyd 
activates washed muscle but not washed yeast. Harden and 
Zilva found that benzaldehyd, anisealdehyd and salicylaldehyd 
activate washed yeast, although Harden and Norris report that 
these same compounds show a negative behavior towards washed 
Bacillus coli. Glycerol, glucose, levulose, alanine, asparagine 
and peptone were negative with yeast but positive with Bacillus 
coli. The experiments of Harden and his collaborators were 
performed qualitatively, without regard to concentration of added 
substance or of hydrogen ions. It may be possible that by 
regulating these factors, the results of Bach and of Harden and 
his associates would attain some semblance of agreement. The 
point in reference to concentration may be illustrated from the 
very experiments of Harden and Zilva. They found that the 
addition of increasing quantities of broth or of glycerol in- 
creased the rate of reduction until a certain optimum, after 
which any further increase in the quantity of broth or glycerol 
diminished the rate of reduction. 

Bach attributes the reducing action of plant or animal or- 
ganism to a system in which enzyme, substrate, acceptor and 
water in a state of dissociation each plays a specific réle. The 
dissociating process furnishes the hydrogen to reduce the methyl- 
ene blue or nitrate as well as the oxygen to oxidize the acceptor 
(aldehyd). In other words, biologic reduction is a complex 
phenomenon, a hydrolytic-oxidative-reduction process, of which 
the Cannizzaro reaction is an example. 
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Bach’s explanation becomes more plausible if we consider an 
analogous case—the oxidation of hyposulfites, which he him- 
self investigated. In water alone hyposulfites do not undergo 
oxidation, at least at any measurable rate. But in the presence 
of a catalyst (finely divided palladium) this does take place. 
The water is decomposed and its HO used for oxidation of the 
hyposulfite. The hydrogen is taken up temporarily by the 
palladium and then set free. An easily reducible substance, if 
present, will be reduced by the nascent hydrogen. 


H H H OH 
sl OHH ~~ 
P + — ?P + H,O + H, 
oh, OHH i ™ 
O OH O OH 


When aldehydes are taken instead of hyposulfite, it is observed 
that the metals of the platinum group do not to any appreciable 
extent accelerate the decomposition of water and hence the 
oxidation of the aldehyd. It is only after the addition of an 
easily reducible substance, such as methylene blue, indigo or 
nitrate, which acts as an acceptor for nascent hydrogen, that 
acceleration occurs. Thus, formaldehyd in the presence of a 
catalytic agent and acceptor like methylene blue is of some 
theoretical interest. Since this dye contains no oxygen it fol- 
lows that the atom of this element necessary to convert formal- 
dehyd into formic acid must come from water, the only source 
of oxygen in the reaction system. 

The reducing enzyme bears an interesting analogy to the oxidiz- 
ing enzyme. If we regard the oxidizing system as 


peroxidase + peroxide 
we may look upon the reducing system as 
Schardinger enzyme + aldehyd 


An oxidase produces its oxidation by the aid of gaseous oxygen, 
while a reductase acts through the intermediation of the com- 
bined oxygen in water. 

Bach’s explanation of the part taken by water in the reducing 
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phenomenon lies in the consideration of water as an unsaturated 
compound in which oxygen is tetravalent. 


H—O—H 
| 
Since ions are believed to be associated with water molecules to 
form unstable complexes, and since hydrogen and hydrogen ions 
are present in water, it is probable that two compounds are 
formed, one, water in combination with hydrogen ions, the other, 
water in combination with hydroxyl ions. 


H H 
H—O—H H—O—H 
| 
H HO 


The first may be named hydrogen suboxide or oxygen perhydride. 
It bears analogy to the metallic salts of the type M,O, an example 
of which is Ag,O. The second is the hydrate of hydrogen 
peroxide (H.O (OH’).). 

The acceleration of the oxidation of aldehydes in the presence 
of platinum, Engler and Wohler explain on the ground that 
the colloidal metal unites with oxygen to form a peroxide, PtOr, 
which reacts with water to form the hydrate, HO — Pt — O —O, 
which acts as a powerful oxidizing agent. This compound is 
also supposed to be produced by the interaction of platinum 
and the H.O (OH’), present in water. Since the latter is present 
in a small amount, it is quickly used up, the equilibrium is 
disturbed, and more is therefore formed, with the result that the 
catalytic process continues. It is not unlikely that the platinum 
metals would form strongly reducing hydrides by interaction 
with oxygen perhydride (H,O) if its presence in water is ad- 
mitted. 

Bach believes that the reducing enzyme or reductase activates 
oxygen perhydride just as peroxidase causes the activation of 
peroxide oxygen. For this reason he calls the reducing enzyme, 
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perhydridase. Bach’s view, although it explains the occurrence 
of active hydrogen, is built on a weak foundation for it sup- 
poses the existence of compounds of doubtful nature. 

Differing somewhat from Bach’s conception of biologie reduc- 
tion is that formulated by Wieland. This investigator sought 
the essential cause of certain typical biologic oxidations in the 
activation of oxygen, not in the activation of hydrogen. Accord- 
ing to his conclusions oxidases, reductases and mutases have no 
separate existence. 

His views may be illustrated from his conclusions derived 
from a quantitative study of the action of Schardinger’s enzyme 
on salicylaldehyd. The aldehyd is assumed to act in the form 
of its hydrate and the enzyme activates two of its hydrogen 
atoms which are thus rendered available for an acceptor. This 
acceptor may be (1) molecular oxygen, (2) an easily reducible 
substance like methylene blue, or (3) a molecule of the aldehyd 
in the unhydrated form. If molecular oxygen is the acceptor, 
the result is the oxidation of the aldehyd. If an easily reducible 
substance is the acceptor, its reduction is associated with in- 
direct oxidation of the aldehyd. If unhydrated salicylaldehyd 
is the acceptor, the Cannizzaro reaction, the mutase effect, is 


observed. 
Au 
R rN, + R CHO —} R COOH + R CH,OH 
JH 


Whether any one of these results is obtained or a mixture of 
all three, depends upon the concentration and speed of reaction 
of the various acceptors. The most important hydrogen ac- 
ceptor is oxygen but other acceptors may be equally important 
for other aspects of cell activity. Thunberg, from a series of 
experiments, has been led to adopt Wieland’s conception. 
According to the latter methylene blue acts as a hydrogen 
acceptor. The hydrogen comes from a substance in the 
tissue, which acts as a hydrogen donator and the enzyme 
itself plays the réle of a hydrogen transportase. 

Some investigators hold that reduction through the inter- 
vention of enzymes is not the only mechanism for biologic re- 
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duction. Heffter is of the belief that a great part of the phenom- 
enon relating to the oxidizing and reducing properties of proto- 
plasm is inherent in the sulfhydryl group. Mathews and Walker 
have demonstrated the ease with which cystein, CH,(SH) 
CH(NH:) COOH undergoes oxidation. Arnold has shown that 
tissues give the sodium nitroprussid reaction indicating the 
presence of the sulfhydryl grouping (SH). He has also shown 
that a number of proteins give this reaction and that in the 
absence of protein, a positive response is elicited from cystein. 

Very recently, F. G. Hopkins has isolated from yeast, muscle 
and liver a compound giving the nitroprussid reaction. It is 
a dipeptide of glutamic acid and cystein. It has reducing 
properties similar to those ascribed by de Rey-Pailhade to his 
philothin of yeast. Hopkins by way of analogy calls his dipep- 
tide glutathione. The sulfhydryl group (SH) of its cystein 
fraction readily gives up its labile hydrogen. It, therefore, acts 
as an oxygen acceptor or hydrogen donator. The dipeptide, 
when in the oxidized or disulfid form (S-S) may act as a hydrogen 
acceptor. 

2RSH+0O; —— R—S—S—R-+ H,0; 
2RSH + H,O, —— R—S—S—R + 2H,0 


R—S—S—R + H: ——> 2RSH 


It is in this play of oxidizing and reducing effects of cystein 
and cystine that may be found, at least in part, the explanation 
for the affinity of the cells for oxygen and the possibility of the 
formation of peroxid. Avery and Neill in their work on the 
pneumococcus suggest that peroxid formation and methylene 
blue reduction are functions of the same or ¢losely related 
systems, though the particular action induced depends upon 
whether molecular oxygen or methylene blue serves as a hydrogen 
acceptor or oxygen donator. 

Nascent hydrogen itself may account for some biologic re- 
ductions. Hoppe-Seyler has demonstrated by bacterial inter- 
vention the formation of carbon dioxid and the very potent 
reducing agent, hydrogen, from formic acid, glycolic acid, lactic 
and glyceric acids. He found that those compounds which did 
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not evolve free hydrogen, like malic acid, tartaric acid and 
asparagin, were reduced in part to succinic acid. A number of 
workers have proven the reduction by anaerobes of amino acids 
with the formation of saturated fatty acid and ammonia. 
This calls into interaction two atoms of hydrogen. 


R CHNH, COOH + H, ——> R CH; COOH + NH; 


Very recently, Neuberg and Neuberg and Rewald have shown 
that among the products of bacterial decomposition of a-ketonic 
acids may be found formic acid, carbon dioxid and hydrogen. 
Carbohydrates may also yield hydrogen since they have the 
power to produce as a result of biologic fragmentation, the very 
acids that evolve this reducing gas. 

Certain tissue compounds also possess reducing power. Hasse 
has shown that amino acids, particularly glycine, have the 
power to reduce methylene blue. Of special interest are the 
investigations of Friinkel and his associates in relation to the 
strong reducing action of tissue phosphatids. Compounds asso- 
ciated with intermediate metabolism—formic acid, lactic acid, 
aldehydes and others—are known for their strong reducing 
action. Formaldehyd, in minute quantities, is found in plant 
tissue and acetaldehyd has been proven by Neuberg and Nord 
to be an intermediate product in the bacterial fermentation of 
glucose, mannitol or glycerol. 

Several investigators have shown that in the presence of 
carbohydrates bacteria show greater reducing capacity. This 
accelerated effect may be due to the carbohydrate itself or to 
its fragmentation products. The reducing action at 37.5°C. of 
carbohydrates with a free carbonyl group in the absence of tissue 
has been demonstrated by Levine by the use of sodium selenite 
in alkaline medium and even by the use of the ordinary Fehling 
and Fehling-Benedict reagents. Liver pulp, boiled and unboiled, 
also reduced sodium selenite. Compounds closely associated 
with carbohydrates as products of their decomposition—alde- 
hydes, ketones, formic and lactic acids—reduced sodium sele- 
nite in the presence or absence of tissue but in a slightly acid 
medium. 
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Indeed, it may be stated that most of the organic compounds 
apt to be present in biologic material show greater or less reduc- 
ing tendencies, although these are not manifested with the 
ordinary reagents nor at biologic temperatures. Levine with 
the use of sodium orthovanadate and Levine and Jahr with the 
use of ammonium molybdate have shown that almost all types 
of organic compounds of biologic significance—unsaturated 
fatty acids, glycerol, lipins, amino acids, proteins, carbohydrates, 
aldehydes, ketones, phenols, urie acid and creatinin—are capable 
of reducing. Plant and animal tissues heated or unheated, kept 
at 37.5°C. easily reduce ammonium molybdate. The reduction 
of potassium permanganate is not necessarily enzymatic in 
character. Levine has shown that boiled or unboiled diffusate 
from yeast suspension, bacterial cultures or liver, as well as the 
filtrate obtained by alcoholic precipitation, bring about at 
ordinary temperature the instantaneous reduction of permanga- 
nate. Yet in spite of all that may be said in favor of the reducing 
action of the various chemical components of tissue, we must 
not overlook the presence or underestimate the importance of 
enzymes responsible for reduction. 

The author gratefully acknowledges his indebtedness to Pro- 
fessor William J. Gies for his valuable suggestions and helpful 
criticisms and to Dr. I. J. Kligler and Mr. William Rothberg 
for their valuable coéperation. 


SUMMARY 


Living bacteria bring about the reduction of selenious acid 
(Chabrié and Lapieque, Levine), selenie acid (Levine) and 
sodium selenite (Scheuerlen, Klett, Gosio, Levine). Sodium 
selenate is not reduced (Klett, Levine); nor is potassium seleno- 
cyanid (Levine). Due to decomposition induced by acids, meta- 
bolically produced, selenium may, however, be deposited from 
potassium selenocyanid, as in the case of B. coli cultures (Levine). 
Heated cultures do not reduce (Klett, Gosio, Levine). The 
media employed should not contain chemical reducing sub- 
stances, such as glucose or lactose (Gosio, Gloger, Levine). 

teduction is a vital process (Cahen, Spina, Smith, Roth- 
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berger, Klett, Maassen, Gosio, Levine); it is an intracellular 
process (Kligler, Levine, Harden, Zilva, Kanaido). The reduc- 
tase elaborated by the bacterial cell is an endo-enzyme reducing 
energetically in the presence of an activating substance or co- 
enzyme, which is capable of being dissolved out from the cell 
or of being removed by Berkefeld filtration (Kligler and Levine, 
Harden and Zilva). 

Selenious acid, sodium selenite and selenic acid retard growth. 
The extent of retardation depends upon the concentration and 
chemical nature of the selenium compound and upon the in- 
dividuality of the organism. Sireptococcus pyogenes is more 
sensitive than B. coli. The anaerobes of symptomatic anthrax, 
oedema and tetanus are extremely sensitive and growth does 
not take place except in minute concentrations of the above 
selenium compounds (Levine). 

Sodium selenate and potassium selenocyanid in the quantities 
used show but slight retarding effect on growth (Levine). 

Reduction is directly proportional to the intensity of growth 
(Klett, Gosio, Levine). When there is no growth there is no 
reduction (Klett, Gosio, Levine), but when the concentration of 
selenium compound is very small (1:200,000) there may be 
growth without visible evidence of reduction (Levine). This 
lack of visible selenium may be due to its removal by volatiliza- 
tion. With higher concentration of selenium compounds in the 
culture medium the activity of reduction outbalances that of 
alkylation (Levine). 

Selenium dioxid or sodium selenite cannot be used as a dif- 
ferential test between aerobes and anaerobes, since both types 
reduce (Levine). 

There is no specific relation between reduction and formation 
of hydrogen sulfid, as Gloger maintained, since organisms such 
as B. acidilactici, B. pseudodiphtheriae or B. tuberculosis, that 
produce no hydrogen sulfid or only faint traces, are capable of 
reducing selenium dioxid or sodium selenite (Levine). 

The diphtheria organisms have been tested with different 
concentrations of selenium dioxid and have been found to be 
efficient reducers. In the very high concentrations some or- 
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ganisms failed to grow and therefore gave no evidence of reduc- 
tion (Levine). 

The reducing action on sodium selenite in very high concen- 
tration (1:10,000) by the various organisms in the colon typhoid 
group may be of practical value in differentiating one type from 
another. B. paratyphi B reduces while B. paratyphi A does 
not (Levine). This difference in action harmonizes with the 
findings of Burnet and Weissenbach, Jordan and Victorson and 
also Kligler. These investigators distinguished these two types 
of organisms by the use of lead acetate media, which made 
apparent the difference in the reducing action as manifested by 
the production of hydrogen sulfid. 

Microérganisms can be used as living reagents in the toxicolog- 
ical analysis for selenium. With the aid of certain alkylating 
molds, selenium can be detected by means of the characteristic 
and persistent odor of ethyl selenid (Quarelli). With the aid 
of bacteria that possess intense reducing activity, selenium com- 
pounds, in the form of selenite ion, can be identified by the brick- 
red line or streak following the path of growth in a stab culture 
(Levine). 

Selenium compounds serve as better indicators for reducing 
enzymes than organic dyes. Since the reduction is localized in 
the bacterial zone of growth, it cannot be ascribed to meta- 
bolic products. Unlike the reduction of dyes, the decomposi- 
tion of selenium compounds to free selenium is an irreversible 
reaction and the precipitated element shows no tendency to 
re-oxidize (Levine). 

For practical purposes selenium dioxid or sodium selenite in 
a concentration of 1:50,000 or 1:25,000 can be used to demon- 
strate bacterial reduction in a solid sugar-free culture medium 
(Levine). 

Selenium agar (0.15 per cent Na,SeQ;) as a culture medium 
for the selective growth of typhoid bacilli is superior to mala- 
chite green or Endo agar according to Guth. 
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PLATE 1 


ILLUSTRATIONS OF BIOLOGICAL REDUCTIONS OF SELENIUM COMPOUNDS 
Fic. 1. B. coli grown on a sodium selenite culture medium. The colon 
appear as red spots. 

Fic. 2. Another culture of B. coli grown on a slant. 

Fig. 3. Section of the liver of a dog that had been subcutaneously treat 
with 2 mgm. selenium dioxid per kilo of body weight 
represent deposited selenium. 


The chocolate red granul 
The cells, especially the nuclei, have suffer 
legeneration to the extent that they no longer stain readily 

Fic. 4. Stab culture of Streptococcus pyogenes 
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CLOSTRIDIUM CHAUVEI AND CLOSTRIDIUM 
EDEMATIS! 
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INTRODUCTION 


A knowledge of the exact biological factors involved in blackleg 
and blackleg-like diseases of cattle and other animals is essential 
in order to devise methods for controlling these diseases. The 
following experiments relating to cultural characteristics, patho- 
genicity, production of aggressive substances, immunization, and 
serological tests have been made in order to determine certain 
characteristics that may serve to differentiate Clostridium chauvet 
from allied anaerobic spore-forming rods. In these experiments 
thirty-six strains of Clostridium chauvei have been used for the 
more important tests, seventeen in the cultural tests and a 
smaller series for some of the less important determinations. 


HISTORICAL RESUME 


In 1782 Chabert differentiated between anthrax and blackleg 
on symptomatic and pathological grounds. The causative agent 
of blackleg was described by Bollinger (1875) and Feser (1876). 
Pasteur, who by the isolation of Bacillus butyricus in 1861 opened 
up the field of anaerobic bacteriology, in 1877 isolated (Pasteur 
1877) a pathogenic anaerobe, the Vibrion septique, from the 
blood of a horse and a cow. In the following year Arloing, 
Cornevin and Thomas (1876) reported on the artificial cultivation 
of Bacterium chauvei in chicken broth containing either glycerol 

1 Contribution number 30 from the Veterinary Department of the Kansas 
Agricultural Experiment Station. Prepared under the direction of Dr. L. D 


Bushnell of the Department of Bacteriology, as a thesis for the degree of M.S 
at the Kansas State Agricultural College. 
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or iron sulphate. Koch (1886) grew the Rauschbrandbaccillus 
on gelatine and potato. Liborius (1886) simplified the study of 
anaerobes and described eight methods of isolating and growing 
these organisms in pure culture. Roux (1887) used a method of 
growing anaerobes in sealed flasks containing slightly alkaline 
broth. Later he and Chamberland (1887) isolated toxin from 
pure cultures of the Vibrion septique. This toxin, when used 
in doses up to 40 ec. and given in two doses, produced an active 
immunity in guinea-pigs. Filtered muscle juices and tissue 
exudates proved to be more toxic, but could be used in immuni- 
zation if the dosage was graduated. The following year Roux 
(1888) found that toxins could be produced from filtered cultures 
of C. chauvei and from tissue exudates of blackleg cases. He 
found that guinea-pigs immunized with these toxins or with 
attenuated pure cultures of the Vibrion seplique were immune 
to the Vibrion septique but not to blackleg. Guinea-pigs simi- 
larly immunized against blackleg were immunized against both 
diseases. 

Kitasato (1889) found that the addition of glycerol or of 
1 to 2 per cent glucose to broth did not increase the growth of 
the blackleg organism. He used solid and liquid media to which 
he added fresh guinea-pig tissue. He was able to immunize 
guinea-pigs by the use of old and attenuated broth cultures of 
C’. chauveit. The young of female guinea-pigs vaccinated while 
pregnant proved to be immune up to the age of fifty days. 
In 1890 Kitasato and Weyl used various reducing substances 
incorporated in agar and broth for the cultivation of anaerobes 
(Kitasato and Weyl, 1890). In a second paper (1890) Kitasato 
described the blackleg organism as a single rod and occasional 
pairs forming an acute angle one with another. He found that 
sporulation did not occur until some hours after death. 

Leclainchee and Valée (1900) recognized the cultural re- 
semblances between the Vibrion septique and C. chauvet. They 
differentiated these organisms by the agglutination test and by 
the use of actively and passively immunized guinea-pigs. They 
also produced a very virulent toxin from broth cultures of 
C.. chauvei. 
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Grassberger (1902) described two types of the blackleg organ- 
ism, one non-motile and non-spore-forming, the other motile and 
sporulating. Shattenfroh (1903) found numerous intermediate 
types between the Vibrion sepltique and blackleg. In 1904 
Grassberger and Shattenfroh produced a toxin from pure cultures 
of the Rauschbrandbaccillus. They found that different strains 
had to be given different substances for the best production of 
the toxin, either glucose or calcium lactate having to be supplied. 
They (Grassberger and Shattenfroh 1907) also produced an 
antitoxin by immunizing animals with this toxin. This anti- 
toxin was used in differentiating blackleg from other diseases. 
It was found that tissue extracts also contained a toxin and they 
described two groups of C. chauvei, (1) a highly virulent non- 
toxic group and (2) a slightly virulent toxic group. 

Werner (1905) differentiated the gas gangrene organisms by 
means of the agglutination test, using agar cultures grown in an 
atmosphere of hydrogen, both for immunization and as the 
antigen in the test. 

Eisenberg (1907) produced a very toxic product by decantation 
and centrifugation of six-day broth cultures of C. chauvei. Doses 
of 0.005 ec. of the toxin killed guinea-pigs in a few minutes. 
Pfuhl (1917) described a method of growing anaerobes aerobically 
in liver broth. He found that liver broth absorbed oxygen and 
produced carbon dioxide. He reviewed the previous attempts 
to grow anaerobes aerobically, those of Catoni (1891) who grew 
the tetanus bacillus in rabbit blood, of Tarrozzi and Wryosek 
(1905) who used nutrient broth containing pieces of fresh meat 
and of Harass (1906) who used liverbrew-liverbroth and brain- 
brew-brainbroth media. 

Von Hibler (1908) described the characteristics of fifteen 
anaerobic species, noting their morphological and cultural charac- 
ters in detail. These organisms were grouped by means of the 
deep agar colony formation, the blackening of brain medium 
and their proteolytic characters. He found that B. welchii, B. 
sporogenes, blackleg and pseudo-blackleg organisms formed 
smooth colonies, the other anaerobes irregular or woolly colonies. 

Balavaine (1909) discussed the results of vaccinating cattle 
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against blackleg. He found that vaccination might cause death 
from blackleg or might fail to give lasting immunity. 

Foth (1909-1910) discussed the differentiation of blackleg from 
anthrax and from other anaerobic diseases; using the agglu- 
tination reaction he described C. chauvei as a single rod, while 
most other organisms found in similar diseases were chain- 
forming rods. He found that the characteristic chains or single 
rods were formed on the diaphragmatic surface of the liver. 

Hasenkamp (1909) described a case of blackleg in a horse, 
diagnosing the condition after finding numerous blackleg or- 
ganisms in smears from the affected tissues. 

Schébl (1919) described a method of immunizing guinea-pigs 
by the use of filtered blackleg exudates, or aggressins. 

MacCrudden (1910) studied the proteolytic properties of 
C. chauvei and Clostridium salus, finding that C. salus produced 
gas, tyrosin, leucin, and trytophane, while C. chauvei produced 
little gas and tryptophane. Neither produced indol and skatol. 
Veillon and Masé (1910) found that the addition of potassium 
nitrate to agar facillitated the Veillon and Zuber deep agar 
colony method of isolation. 

Markoff (1911) compared the organisms isolated from typical 
cases of blackleg with parturient blackleg and also with some 
chain formers. He found that the blackleg group are patho- 
genic for old guinea-pigs only, parturient blackleg types for 
both young and old guinea-pigs, and the chain formers for all 
animals. Differentiation could be made by means of the guinea- 
pig lesions, stained liver smears, toxin production, and the 
agglutination test. He found it possible to use the microscopic 
agglutination test in the examination of impure or mixed cultures. 

Diederichs(1911) reported on two cases of disease in horses. 
One was diagnosed as pseudo-blackleg, since the organism iso- 
lated was pathogenic for guinea pigs and rabbits, the other as 
true blackleg, since the organism in this case was pathogenic 
for guinea-pigs only. 

Moller (1911) found that the glycogenic content of muscles 
determined the extent of the lesions produced. He found that 
guinea-pigs fed on sugar beets developed very extensive lesions 
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when injected with blackleg virus, while starved animals de- 
veloped only slight lesions or were refractory to the inoculation. 

Wulff (1912) used the agglutination reaction to differentiate 
blackleg from other conditions. He disproved the theory that 
blackleg is a wound infection by demonstrating (1) that there 
are numerous cases of blackleg showing no muscle or subcu- 
taneous lesions, and (2) that blackleg occurs when there are 
neither macroscopic nor microscopic wounds. In a second paper 
(1912) he showed that both blackleg and malignant edema 
organisms may be found in the bile, thus disproving von Hibler’s 
observation on malignant edema and showing that the presence 
or absence of organisms in the bile is of no value for diagnostic 
purposes. 

Hélzel (1913) grew C. chauvei aerobically in broth containing 
starch. 

Lechlainchee and Valée (1913) reported on the production 
and use of a pure culture blackleg vaccine obtained by growing 
cultures at 42°C. 

Grassberger and Shattenfroh (1913) stated that biological 
reactions are of secondary importance in the differentiation of 
blackleg from other diseases and that the most reliable test is 
the production of the toxin by the culture and the use of blackleg 
antitoxin to test its specificity. 

Detre (1913) immunized horses by the use of pure cultures of 
C. chauvei. He showed that the serum contained the specific 
agglutinins and that doses of 0.005 to 0.02 ee. protected guinea- 
pigs. 

Von Ratz (1913) found that swine were susceptible to blackleg. 

Mieszner (1913) used the Abderhalden dialysis reaction for 
the differentiation of blackleg. 

Lesage and Pommier (1913) reported on an outbreak of black- 
leg in sheep following lambing. 

Hecht (1913) used the Ascoli thermo-precipitin reaction for the 
diagnosis of blackleg. 

Kéves (1914) studied the so called symptomatic anthrax of 
swine and isolated a typical Ghon-Sachs organism from the 
intestinal lesions. This organism produced typical muscle lesions 
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in inoculated hogs. Later (1918) he studied this disease in 
detail and compared the organisms isolated with C. chauvei and 
malignant edema cultures. 

Nicolle, Cesari, and Raphael (1915) experimented with the 
toxins of C. chauvei and the Vibrion septique and found that the 
toxicity was greatly reduced at 55 degrees. They stated that 
the cultural and serological differences between these two or- 
ganisms are slight. 

Meyer (1915) isolated the Ghon-Sachs organism from symp- 
tomatic anthrax of swine. 

Von Wasserman (1916) compared the gas gangrene organism 
with C. chauvei. He found that the intestinal types of gas 
gangrene and blackleg or bradsot were very similar. 

Richter (1916) showed that parturient blackleg of cattle and 
blackleg of horses are mixed infections in which malignant edema 
organisms can usually be found. C. chauvei also may be found 
in some cases. He also described a septicemic type of true 
blackleg. 

Conradi and Beiling (1916) used the agglutination test to 
divide the malignant edema organisms into two groups, these 
groups being transformable from one into the other by proper 
cultural methods. 

Franklin and Haslam (1916) showed that blackleg powder and 
pellet vaccines are unsatisfactory. Later (1920) they reported 
on the isolation of a pseudo-blackleg organism from some of 
this material. 

Goss (1917) reported on the production of blackleg aggressin 
and anti-serum, and later (1919) on the production of blackleg 
filtrate. In the following year he and Scott (1918) reported 
on the potency tests for these products and described a potency 
test based on aggressive action. 

Todd (1917) reported on the gas production of C. chauvei, 
B. edematis-maligni Koch, and other anaerobes. 

Warnecke (1917) described a disease in a young calf which 
resembled blackleg but from which he isolated an organism 
resembling Bact. coli. 

Fiirth (1917) isolated a diplobacillus from cases of human 
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gangrene; he agglutinated this organism by blackleg anti-sera, 
and identified it as C. chauvei. 

Landau (1917) found that the results from the agglutination 
test and from protection tests with blackleg and malignant edema 
anti-sera do not coincide. 

Frommeld (1917) found that blackleg cultures containing 
spores were killed by exposures to thirty hours of direct sunlight. 

Bohler (1917) described a case of blackleg in a horse suffering 
from shrapnel wounds. 

Jensen (1917) described 10 cases of bradshot in sheep. He 
found characteristic intestinal ulcers from which the organism 
was isolated. Feeding experiments with these cultures gave 
negative results. He suggested that the cadaver bacillus which 
was also found in the diseased animals played a part in the 
infection. Histological studies proved that the organism entered 
through the digestive tract. 

Foth (1918) described the use of a new blackleg vaccine 
“Emphysarcol,”’ consisting of an attenuated suspension of spores 
and a spore-free filtrate. The attenuated spores are injected 
into the tail, the filtrate into the ear. Kelser (1918) discussed 
the immunity produced by blackleg filtrates. Berg (1918) de- 
scribed a method of concentrating this toxin in vacuo. 

Pfeiler (1918) used the precipitin reaction for the diagnosis 
of anthrax, blackleg, swinepest and other diseases. 

Szasz (1918) found it inadvisable to vaccinate cattle against 
anthrax and blackleg at the same time. Blackleg vaccination 
should be given fourteen days after the anthrax vaccination. 

Schmitt (1918) diagnosed as blackleg a disease in a foal from 
which he isolated an anaerobe. This anaerobe occurred as a 
single rod or in pairs forming an angle one with another. 

Nitta (1918) described the Japanese method for producing 
blackleg filtrate. 

Steinbrucke (1918) stated that the gas gangrene organisms 
belong to the blackleg group. 

Weinberg and Séguin (1918) discussed the etiological factors 
of gas gangrene and clarified the classification of malignant 
edema organisms and the Vibrion septique. They did not find 
C. chauvei in war wounds. 
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Van Heelsbergen (1919) found that the etiological factors of 
gas gangrene, malignant edema and blackleg were very similar. 
He thought that they should be classified under one species as 
Grassberger and Shattenfroh had suggested. Haslam and Lumb 
(1919) showed that the toxicity of filtrates had no relationship 
to their potency. 

Zeiszler (1919) showed that spontaneous blackleg, parturient 
blackleg, whale septicemia and reindeer pest are all primarily 
caused by the blackleg organism. He isolated C. chauvei from 
a few cases of human gas gangrene and found that the agglu- 
tination reaction was unreliable for the differential diagnosis of 
anaerobic organisms. 

Ravenna (1920) described the cardiac, pulmonary and arterial 
lesions of blackleg and showed the disease to be a septicemia. 

Graub and Zschokke (1920) found that germ-free filtrates 
protected cattle against 2 M.L.D. virus. The immunity pro- 
duced by these filtrates was greatly increased by the use of an 
attenuated virus given ten days after the filtrate. 

Speigl (1920) found that blackleg in sheep might be due to 
Foth’s blackleg organism, to the Ghon-Sachs organism or to 
B. welchii. 

Haslam (1920) tabulated the results following the use of 
blackleg aggressin. He described the methods for testing the 
sterility of this product and found that brain liver medium 
inoculations were much more reliable than animal inoculation. 

Ronea (1920) observed that the digestive juices do not injure 
C. chauvei. He produced blackleg in guinea-pigs by feeding very 
virulent cultures. Infection was regularly produced if the or- 
ganism was introduced into a loop of the intestine. In animals 
infected by way of the digestive tract the characteristic lesions 
were found in certain parts of the body. 

Heller (1920) discussed the etiological factors of blackleg and 
allied anaerobic diseases. She found that cattle are very sus- 
ceptible to infection by the blackleg group and are occasionally 
affected with the Vibrion septique group; sheep, horses, and 
swine are usually affected by the Vibrion septique group; sheep 
occasionally by the Chauvei group and horses sometimes by 
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the Oedematiens group. She found B. welchii infections in animals 
very rare. 

Gochenour (1920) used the complement fixation reaction for 
the identification of C. botulinus in canned foods. 

Goss, Barbarin and Haines (1921) found that C. chauvei does 
not ferment carbohydrates. They used the passive immunity 
produced by anti-blackleg serum as a means of differentiating 
the pathogenic anaerobes. They found that anti-blackleg serum 
agglutinated blackleg strains in dilutions of 1:800 and Jibrion 
septique strains in dilutions of 1:200. 

Ronca (1921) studied the changes in the blood pictures of 
animals injected with blackleg virus and toxin. He found first 
a decided increase followed by a progressive decrease in certain 
types of leucocytes in animals that died; in animals that re- 
covered, the decrease was followed by an increase in both leuco- 
cytes and erythrocytes. 

Scott (1921) described the methods of producing anti-blackleg 
serum and showed that the potency of this product did not 
decrease for several years. 

Hall (1922) described the various species of spore-bearing 
anaerobic rods. He used spore formation as the primary cri- 
terion of classification. He found that C. chauvei ferments 
sucrose but that the Vibrion septique does not. 

Scott (1922) described the production of blackleg anti-serum, 
blackleg aggressin and blackleg filtrate, and later (1923) reported 
on potency tests for aggressin and filtrate based on the aggressive 
action of these products. 

Leclainchee and Valée (1923) supplemented their previous work 
on toxins. They reported on the production of a toxin from 
an extract of cells obtained from a twenty-four hour culture of 
C. chauvei and on a non toxic extract made from cells in a six 
day culture. 

Géertiller (1923) stated that both cultural and immunological 
tests are necessary for the proper identification of anaerobes. 
He found that the most satisfactory tests were the toxin-anti- 
toxin test and the immunization of guinea-pigs. 

Reddish and Rettger (1924) described several sporulating 
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anaerobes. Their type C. chauvei strain produced deep agar 
colonies having a dense nucleus and radiating projections. In 
culture media short chains were found to be not uncommon. 


HISTORY OF CULTURES USED 


In the course of this work 35 strains of C. chauvei and 5 strains 
of Clostridium edematis? have been studied. 


C. chauvei strains 


Strains 1 to 10 were isolated between 1911 and 1916 by Drs. 
O. M. Franklin and T. P. Haslam from blackleg material ob- 
tained from field cases in Kansas and other states. These ten 
strains were used to produce the serials of blackleg anti-serum 
which were used in the serological tests. Strains 3, 4, 8 and 9 
were discarded between 1921 and 1923 due to decreased virulence 
or to contamination. 

Strain 11 was isolated from dried muscle obtained from a 
case of blackleg in 1917. It was discarded in 1919. Strain 12 
was isolated in 1917 from blackleg muscle. Strain 14 was 
obtained in 1918 by Dr. L. W. Goss of the Kansas experiment 
station from a vial of liquid blackleg vaccine purchased from 
the Pasteur Laboratories; it was discarded in 1921. Strain 15 
was isolated in 1918 by Dr. L. W. Goss from dried blackleg 
muscle sent from the Bureau of Animal Industry, United States 
Department of Agriculture, Washington, D.C. It was discarded 
in 1921. 

Strain 16 was isolated in 1918 by Dr. Goss from blackleg 
tissue obtained from a field case of blackleg in southern Kansas. 
This strain was discarded in 1920 due to decreased virulence. 

Strain 17 was obtained in 1918 from the Continental Serum 
Company. It was discarded in 1921. 


? The term Clostridium edematis has been used in this paper instead of Vibrion 
septique, in accordance with the report of the Committee of the Society of Amer- 
ican Bacteriologists. Jour. Bact., vol. 5, no. 3, p. 22, 1920. Bergey in Bergey’s 
Manual of Determinative Bacteriology, 1923, p. 325, uses the term Clostridium 
oedematis-maligni presumably to avoid confusion with clostridium Cedematiens. 
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Strain 18 was isolated in 1918 by Dr. Goss from a case of 
blackleg. It was discarded in 1921. 

Strain 19 was obtained in 1919 from Dr. Haslam of the Purity 
Biological Company. 

Strain 20 was isolated in 1919 by Dr. Goss from material 
obtained from a case of blackleg in Riley county. This strain 
was discarded in 1921. 

Strain 22 was obtained in 1919 from a vial of liquid blackleg 
vaccine obtained from the Jensen Salsbery Laboratories. It 
was discarded in 1921. 

Strain 23 was isolated in 1921 from blackleg material taken 
from a calf inoculated with culture virus strain 1. 

Strain 24 was obtained as a pure culture from Parke, Davis 
and Company in 1921. 

Strain 25 was obtained as a pure culture from Miss H. H. 
Heller of the Hooper Foundation, San Francisco. This strain 
was discarded in 1921. 

Strain 26 was isolated in 1921 from a field case of blackleg; 
it was discarded in the fall of 1921. 

Strain 27 was isolated in 1922 from a calf inoculated with 
culture 21. 

Strain 28 was isolated in 1922 from dried blackleg muscle 
obtained from the Mulford Company. 

Strain 29 was isolated in 1922 from dried muscle tissue from 
a case of blackleg sent in for diagnosis. 

Strain 30 was obtained in 1922 from blackleg material sent 
from the Mulford Company. 

Strain 31 was isolated in 1922 from a case of blackleg in a 
yearling calf in Riley county, Kansas. 

Strain 32 was isolated in 1922 from muscle tissue sent in for 
diagnosis from a case of blackleg in Wakefield, Kansas. 

Strain 33 was obtained as pure culture from Prof. I. C. Hall 
of the University of California, Berkeley, California. 

Strains 34 and 35 were isolated from an outbreak of blackleg 
in a herd of purebred cattle in Riley county, Kansas. 

Strain 36 was isolated in 1924 from a case of blackleg treated 
in the ambulatory clinic. 
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Clostridium edematis strains 

Strains C.E. 1, C.E. 2 and C.E. 3 were obtained from the 
Lister Institute, London. These strains were labeled Vibrion 
septique types, 1, 2, and 3. 

Strain C.E. 4 was obtained from Prof. I. C. Hall of the Uni- 
versity of California. 

Strain C.E. 5 was isolated in 1922 from a case of malignant 
edema or so-called ‘‘symptomatic anthrax” in a hog. 


CRITERIA USED TO DETERMINE THE PURITY OF C. CHAUVEI STRAINS 


Up to 1920 cultural and morphological reactions were con- 
sidered a sufficient indication of purity. At that time, after 
isolation of the strain by means of the deep agar colony method, 
eight cultural and morphological reactions were introduced. 

1. In deep agar only those strains producing small spherical 
or lenticular colonies with definite solid borders were considered 
as typical. 

2. In brain liver medium typical cultures showed cloudiness 
and gas production in from two to four days, after which the 
fluid portion rapidly cleared due to sedimentation of the or- 
ganisms and spores. The brain never showed any darkening 
and the broth, if dark on inoculation, became amber colored 
on clearing. 

3. The culture when freshly isolated must be pathogenic for 
guinea-pigs. Since 1920 cultures that have lost their virulence 
have not been discarded but are still used for production of 
filtrate. Typical edematous swellings must be produced in 
guinea-pigs around the point of inoculation and death must 
follow within three days. 

4. The typical single Gram-positive rods with rounded ends 
must be found both in culture smears and in impression prepa- 
rations made from the peritoneal surface of the liver of in- 
oculated guinea-pigs. 

5. The typical blackleg odor should be obtained both from 
the culture media and from guinea-pigs inoculated with the 
culture. However, some strains of C. chauvei produce no notice- 
able odor either in guinea-pigs or in culture media. 
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6. Guinea-pigs immunized by inoculation of 7 units of anti- 
blackleg serum must withstand the administration of 5 M.L.D. 
of the culture, given fifteen hours after the serum. 

7. Inspissated blood serum must show no changes when in- 
oculated and incubated anaerobically for five to seven days. 

8. No growth may develop in 2 per cent glucose beef infusion 
agar cultures. 


PATHOLOGICAL LESIONS 


Blackleg is an_ acute, infectious, but non-contagious disease 
of cattle, and exceptionally of other ruminants. Young cattle 
from six months to two years of age are found to be most sus- 
ceptible. The disease is characterized by a sudden appearance 
of lameness, and gas production in the affected tissues, followed 
by prostration and death in from twelve to thirty-six hours. 

The lesions produced in calves are essentially muscular and 
subcutaneous in character. On opening the animal the charac- 
teristic blackleg odor is first noticed and extensive subcutaneous 
lesions containing dark-red exudate and gas may be found. The 
muscles of one of the quarters are found to be greatly distended, 
due to accumulation of numerous small gas bubbles throughout 
the muscle tissue. Areas and streaks of blackened muscle are 
found, intermixed with lighter pink areas, giving the muscle a 
characteristic mottled appearance. Some muscles show no black 
spots although filled with gas bubbles and of a pink color. The 
lesions have a tendency to be limited to single muscles and do 
not pass through the intermuscular septa. The internal organs 
are fairly normal in a fresh carcass. The serous membranes are 
injected and a black clot is found in the heart. No marked gas 
formation is noticed in the intestines. The peritoneal and pleural 
cavities contain large amounts of a dark-red exudate. 

The disease in guinea-pigs inoculated with blackleg material 
in the axillary space follows a characteristic course. There is 
first a clearly defined edematous swelling developed around the 
point of inoculation, which extends to the pelvis in from thirty- 
six to seventy-two hours. The height of the swelling is from 2 
to 4 mm. If death does not take place the hair over the 
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lesion is shed and the skin along the median line usually opens 
disclosing a line of blackened muscle. If death occurs, and the 
animal be opened, the subcutaneous tissue are found to be full 
of a red exudate; there is some gas in the muscles and they are 
either black or pinkish in color. The serous membranes are 
injected, and the blood in the heart is black in color. No gas is 
found in the intestines unless the animal has been dead for more 
than twelve hours. 


MODE OF ENTRANCE OF THE ORGANISM 


It has usually been considered that C. chawvei enters the body 
by means of small skin abrasions. Since 1912 considerable work 
has been done based on this supposition. It has been shown that 
the infection can enter through the digestive tract, but no 
evidence has been brought forward to show that the organism 
ever enters by way of the skin. 

Wulff (1912) discounted the wound infection theory on two 
grounds: (1) That there were numerous cases of septicemic 
blackleg in which no muscles lesions were found, but from which 
the blackleg organism was isolated, and (2) he was unable to find 
any case in which skin wounds could be demonstrated, although 
he examined hundreds of microscopic sections from blackleg 
lesions. In confirmation of this the following case may be cited. 
In the author’s work, during the last year, one case of the septi- 
cemic form of blackleg was encountered in a steer eight months 
of age which had been vaccinated at five months of age. It was 
noticed to be off feed one evening; next morning it was slightly 
lame and was dead by noon. When examined, the carcass was 
very badly distended with gas; no muscle lesions could be found; 
the serous membranes were injected; the heart contained ablack 
clot; and the characteristic blackleg odor was very noticeable. 
A pure culture of C. chauvei (strain 37) was isolated from this 
case together with an unidentified anaerobe whose connection 
with the disease has not yet been demonstrated. Several other 
cases of the septicemic type have been reported to us from 
material sent to the laboratory for diagnosis. From some of 
this material C. chauvei has been isolated. 
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Ronea (1920) produced blackleg in guinea-pigs by feeding 
virulent cultures and also by introducing cultures into the in- 
testinal canal. 

In a recent outbreak in Kansas the infection was traced to pigs 
that had fed on the carcass of an animal that had died of blackleg. 
These pigs walked through the manger of some steers in an 
isolated lot. Some of these animals developed blackleg within 
three days. In another case a yearling steer developed a hard 
swelling of the brisket within twelve hours lameness in the 
right hind leg developed, followed by a swelling in the same 
quarter and death from blackleg in forty-eight hours. This 
case showed that the primary lesion may be located at a con- 
siderable distance from the final muscle lesion and also that 
blackleg is not a true wound infection, which presupposes greater 
or less destruction of tissue in which the organism must develop. 

In the case of the similar disease ‘‘malignant edema”’ of swine 
or so-called ‘symptomatic anthrax.”” Koves (1914) showed that 
intestinal lesions were produced from which the causative or- 
ganism could be isolated. This organism produced the typical 
black muscle lesions in other swine. 


ISOLATION 


All strains studied have been isolated by (1) the cultural 
method or (2) by the guinea-pig inoculation method. 

In the cultural method brain liver medium is inoculated with 
some of the material to be isolated, and is then heated to between 
65° and 70°C. and held at this temperature for fifteen minutes. 
A check tube is also inoculated from unheated material, to be 
used in case the heated tubes prove to be sterile. After twenty- 
four hours incubation three or four serial dilutions are made, 
into freshly heated liver agar tubes at 45°C. Twenty four hours 
later typical colonies are picked off into brain liver medium. 
This is repeated once a day till at least four sets of agar dilutions 
have been made. The culture is then tested on agar slants 
for anaerobic contamination and is inoculated into a guinea-pig 
for preliminary identification tests. 

At the same time that the brain-liver medium is inoculated, 
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a guinea-pig is injected with some of the material and the or- 
ganism isolated from the muscle lesions and heart blood as soon 
as the pig dies. In both cases the strain is preferably reisolated 
from the test guinea-pig injected with the culture after pre- 
liminary isolation. 

MORPHOLOGY 


C. chauvei is a medium-sized rod with rounded ends. It is 
Gram-positive except in old cultures which may show Gram- 
negative rods. The organism is from four to six times as long 
as it is wide, 3 to 6 microns in length by 0.5 micron in width. 
In smears made from the peritoneal surface of the liver the 
Gram-positive rods are easily found. They are usually well 
scattered throughout the preparation, not more than six to ten 
organisms being found in any one field. Organisms containing 
oval sub-terminal spores may be found in preparations made 
from animals that have been dead for some time. Usually these 
spore-bearing rods are very scarce. Pairs, in which the organisms 
are end to end, may occasionally be found and very rarely chains 
of three or four elements may be seen. In slides made from 
culture media the picture is very similar. In young cultures 
spore-bearing rods are often absent. In older cultures free spores 
are usually present and these are frequently unstained. Paired 
organisms are perhaps even less common than in liver prepa- 
rations. In slides made from C. edematis cultures there are 
usually a large number of rods in each field of which a relatively 
large number are spore-containing. Chains of two to six or more 
elements are fairly common. Some strains of C. edematis, 
notably type 2, usually occur in pairs in which the elements form 
an acute angle one with another. Chains in this strain are 
uncommon. 

COLONY FORMATION 


Surface and deep agar colony forms have been used by numer- 
ous authors as one of the important methods of differentiation 
between C. chauvei and other anaerobes. 

Kitasato (1890) described the colonies formed by C. chauvei 
as having a central nucleus surrounded by numerous fine pro- 
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jections. Von Hibler (1908) described the deep agar colonies 
as lenticular or spherical in shape and having a smooth solid 
outline. Zeiszler (1920) describes two types of Rauschbrand: 
The surface agar colonies formed by the Kitt type being circular 
with a solid border or veil like, and the Foth type forming pear! 
button colonies having a raised center. Kitt, as quoted by 
Heller (1920), described the deep-agar colonies as fine, point 
shaped, or small, woolly spherical colonies. Heller found colonies 
with smooth outlines only. Goss et al. (1921) described the 
colonies of C. chauvei in 2 per cent agar as small, spherical or 
elliptical, and translucent, while colonies formed by C. edematis 
were woolly or fluffy. They state that in soft agar (one per cent) 
the colonies of C. chauvei may resemble those of C. edematis. 
Hall described the deep agar colonies as semi-transparent opaque 
spheres with or without raylike growths. Reddish and Rettger 
(1924) describe the deep agar colonies as being about 1 mm. in 
diameter and as having a solid nucleus surrounded by irregular 
projections radiating out in matted formation. 

In 2 per cent liver agar all strains considered in this paper 
produced very small colonies, spher‘eal or p‘n point in character. 
In some cases when the agar was considerably concentrated due 
to evaporation invisible colonies were formed and the only 
indication of growth was small gas bubble formation. Jn 1 to 
1.5 per cent agar the colonies are larger and may be small circular 
dises or lenticular in shape. In all cases a regular smooth 
definite border has been noted. The colonies formed by the 
C. edematis strains studied were typically biconvex-lenticular 
in shape with the edges thin and flat. Outgrowths especially 
from the lower surface are common. In old colonies, double 
dises have been found. In soft agar markedly fluffy colonies 
are produced. 

CULTURAL CHARACTERISTICS 


Milk 


Von Hibler (1908) found that C. chauvei produced a fine clot 
in forty-eight to ninety-six hours. Hall (1922) found that in 
milk containing sterile blood, coagulation may occur. Goss et al. 
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(1921) found that C. chauvei will not grow in litmus milk even 
when inoculated in large amounts, while C. edematis produces 
acid fairly readily. Reddish and Rettger (1924) reported that 
an acid clot is formed by both types. 

None of the 35 strains considered in this paper produced any 
change in fresh, litmus, or brom-cresol-purple milk, when in- 
oculated in amounts of from 1 to 6 loopfuls. However, when 
1 mil of brain liver culture was used a slight thickening of the 
milk was noticed in some cases after forty-eight hours. Clos- 
tridium edematis strains produced coagulation in fresh milk when 
four to six loops of brain-liver culture were used as the inoculum. 


Gelatin 


Bacto gelatin containing 1 part glucose to 1000 was liquefied; 
while gelatin made from Gold Seal gelatin, even when made 
with liver broth or containing blood serum was not liquefied 
after two weeks’ incubation in the anaerobic jar. 


Coagulated serum 


Coagulated serum is not affected by C. chauvei even after a 
month’s incubation in the anaerobic jar. 


Carbohydrate fermentation 


The fermentation of carbohydrates has been studied by nu- 
merous workers. Nicolle, Cesari, and Raphael (1915) found no 
great differences between C. chauvei and C. edematis. Meyer 
(1915) also found practically no differences between the two 
types. However, the strain he described as C. chauvei (Munich) 
may be the same as the strain of C. edematis described by Hall 
(1922) as Meyer’s C. chauvei Kitt, (Munich), in which case both 
organisms are to be considered as C. edematis strains. Goss et al. 
(1921) found that C. chauvei does not ferment any of the car- 
bohydrates. These findings are shown in table 1. From table 1 
it is seen that there is considerable difference in the results 
obtained. With the exception of salicin, in which all workers 
found no fermentation by C. chawvei and fermentation by C. 
edematis, there is a difference between at least one report and 
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the others. These conflicting reports may be due to differences 
in the strains studied, to the use of only a few strains, or to 
differences in the medium used as a base for the carbohydrates. 

During the past four years various liquid and solid media have 
been used by us for the fermentation reactions of C. chauvei. 
The liquid media, with the exception of serum water, were made 
sugar-free in the ordinary way, brom-cresol-purple was then 
added and after sterilization 1 to 2 mils of 5 to 10 per cent car- 
bohydrate solution added. The inoculated tubes were placed 
in a wire rack and held in the anaerobic pressure cooker. An- 
aerobic conditions were produced by burning phosphorus accord- 
ing to the method described by Bushnell (1922). 

Sugar-free infusion broth prepared in the ordinary way and to 
which dextrine, galactose, glycogen, glucose, glycerol, inulin, 
lactose; maltose, mannitol, salicin, sucrose, or starch were added, 
was inoculated with one loopful of a twenty-four hour brain-liver 
culture, placed in the anaerobic cooker and incubated at 37°C. 
for ten days. Of ten strains so tested one produced acid and gas 
in glucose, lactose, maltose, and sucrose, all other tubes remaining 
unchanged. 

Sugar-free liver broth: Four stra‘ns were tested on the same 
sugars using sugar-free liver broth as a base. No fermentation 
of any of the sugars was produced. 


Serum water 


The effect of six strains of C. chauvei and of strains 1, 2, 4 and 5 
of C. edematis on the 20 carbohydrates listed in table 2 was deter- 
mined. No fermentation of any of the carbohydrates was pro- 
duced by any of the C. chauvei strains. All strains of C. edematis 
produced acid and caused coagulation of the serum so that gas 
production by these strains could not be recorded. 


Serum water agar 


Serum water agar was prepared by adding 20 grams of agar 
to 1000 mils Hiss serum water and proceeding with the ordinary 
method of agar preparation. The carbohydrate solutions were 
added while the agar was liquid and had been cooled to 40°C. 
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Fifteen strains of C. chauvei and the 12 carbohydrates listed in 
experiment 1 were used in this experiment. No fermentation 
was produced in any carbohydrate by any of the strains used. 
C. edematis strains also showed no fermentation in this medium 
but cultures of proteolytic anaerobes fermented most of the car- 
bohydrates. 

Sugar-free meat infusion or serum water agar plus sterile serum 
was found to be a very satisfactory medium for the study of 
fermentation reactions of both C. chauvei and C. edematis. Three 
sera were used (1) fresh and unfiltered serum, (2) fresh filtered 
serum, and (3) old filtered serum containing 0.05 per cent phenol. 
No marked differences were noticed in the fermentations pro- 
duced in these three media. 

Table 2 shows the results obtained from the fermentation tests 
on twenty sugars by seventeen strains of C. chauvei and five 
strains of Clostridium edematis. Some strains did not always 
give a consistent reaction and a negative reading has been 
recorded only when all tests showed a negative reaction. 

It is seen that C. chauvei is much less saccharolytic than the 
C. edematis strains examined. Sucrose in one case was not fer- 
mented by C. chauvei. In all cases slight gas production was not 
counted as an evidence of fermentation unless acid was produced 
in the same tube. 


PATHOGENICITY 


Blackleg, although primarily a disease of cattle, has been 
reported in horses, swine and sheep. A disease of whales was 
reported by Nielson (1890) and by Christiansen (1920) from 
which an organism resembling, or identical with, C. chauvet 
was isolated. 

The reports of the isolation of C. chauvei from horses are not 
conclusive. The diagnosis has usually been made on purely 
morphological grounds, or on morphological and guinea-pig and 
rabbit pathogenicity tests, as in the cases reported by Diederichs 
(1911). In the production of anti-blackleg serum normal horses 
were injected (Scott 1923) intravenously or subcutaneously with 
25 to 30 mils of virulent cultures of C. chauvei without developing 
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any symptoms whatever. This must be considered conclusive 
evidence that horses are not susceptible to C. chauvei. 

Reports of the isolation of C. chauvei from swine are occasion- 
ally met with in the literature. In these cases the diagnosis is 
also incomplete, being based on morphology, or on unstated 
cultural and other characters. On the other hand, all detailed 
experiments on the so-called “symptomatic anthrax’ of swine 
(Koves, 1914 and 1918; Meyer, 1915) have shown that this 
disease which has symptoms very similar to blackleg is caused 
by a C. edematis type organism. This organism when injected 
into the muscles of hogs produces muscle lesions almost identical 
with those of blackleg in cattle. At the Kansas Agricultural 
Experiment Station two outbreaks of this disease in swine have 
been examined and from both a C. edematis type organism has 
been isolated. 

One experiment on the susceptibility of swine has been made 
at the Kansas Station. A pig weighing 100 pounds was given 15 
mils of virulent C. chauvei culture at the same time that a calf 
was given the same amount. The pig showed no rise in tempera- 
ture and no lameness, while the calf died of blackleg within thirty- 
six hours. This experiment, taken together with the isolation 
of C. edematis strains in the disease of swine, shows that this 
disease is rare in swine. The transmission experiments reported 
by von Ratz (1913) were made by the use of muscle pulp, a 
method open to serious objection, as anaerobes other than C. 
chauvei can usually be found in blackleg muscle, especially from 
field cases. The material used by von Ratz was pathogenic for 
rabbits, which would suggest that this material was not pure 
blackleg. 

Blackleg has been reported in sheep, the organism having been 
isolated in Montana during recent years. Marsh (1919, 1920) 
states that the disease was controlled by the use of blackleg 
aggressin. Goss et al. (1921) showed that sheep were suscep- 
tible to blackleg inoculations, but required rather large doses. 
He suggests that natural infection is rare. 

Cattle are very susceptible- to blackleg. Before vaccination 
was practiced from 10 to 20 per cent of all young stock in the 
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southwest died of blackleg (Norgaard, 1898). Cattle have been 
repeatedly shown to be susceptible to infection by the use of 
pure cultures of C. chauvei. Most of the strains used at the Kan- 
sas Station have been tested for pathogenicity on cattle. In the 
production of blackleg agressin, twenty-one of the strains have 
been used in doses of 5 to 30 mils culture virus to kill calves for 
the production of agressin. Cultures 1, 2, 3, 4, 5, 6, 9, 10, 12, 15, 
16, 17, 18, 19, 20, 21, 22, 23, 24, 27, 28, 29 and 33 have all pro- 
duced typical blackleg in cattle. In a number of these cases 
C. chauvei has been reisolated (strains 23 and 27). 

Guinea-pigs are quite susceptible to blackleg. Their suscep- 
tibility has, however, been found to vary considerably. This 
variation may be seen in the routine tests for potency of powder 
vaccine. In this test three guinea-pigs are given 3 mgm. vaccine, 
three are given 5 mgm., three 7.5 mgm., one 15 mgm., one 25 
mgm. and one 40 mgm. It is often found that the guinea-pig 
receiving 25 mgm., one receiving 5 mgm., and one receiving 3 
mgm. die and all others on this test show no lesions whatsoever. 

In determining the M.L.D. of a blackleg culture from 3 to 
6 guinea-pigs are given graduated doses of the culture. The 
dose taken as the M.L.D. in this work must kill all guinea-pigs 
given this or larger doses. Some of the guinea-pigs in such a test 
receiving less, may, and often do die but these are not considered 
in determining the M.L.D. 

It has been repeatedly found, in attempts to immunize guinea- 
pigs, and in tests to determine whether there was a relationship 
between. the dose given and the swelling produced, that guinea- 
pigs receiving } or 3 M.L.D. would die while animals getting ? 
M.L.D. would live without showing any lesions. 

The condition of the animals has considerable effect on their 
resistance. From 1917 to 1919 all guinea-pigs used at the Kansas 
Station were purchased from commercial concerns; since 1919 
they have been obtained from the Animal Husbandry Depart- 
ment of the Kansas Agricultural College. Up to 1922 they were 
fed the ordinary ration of oats and bran. Since that time a 
mixture of alfalfa meal, tankage; bone ash, and mineral salts 
has been added. The health of the guinea-pigs has been greatly 
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improved and their resistance to blaekleg has been increased. 
Previous to 1922 the average M.L.D. calculated from 52 tests on 
approximately 200 guinea-pigs was 0.3 mil. In the period from 
1922 to 1924 the M.L.D. calculated from 21 tests on 150 pigs was 
0.42 mil or 50 per cent greater. The calf pathogenicity of the 
cultures was practically the same, 10 to 20 mils culture being 
sufficient to kill healthy calves during both periods, thus showing 
that there was an increase in resistance in the guinea-pigs and 
not a decrease in virulence in the cultures used. 

An experiment was started in 1919 in coéperation with Prof. 
H. L. Ibsen of the Department of Animal Husbandry by which it 
was hoped to find a race of guinea-pigs of more uniform suscep- 
tibility. Animals which had survived inoculations with C. 
chauvei cultures were mated and their offspring tested for black- 
leg resistance, approximately the same dosage of virus being used 
as had been used on their parents. This experiment was carried 
on until 1923 at which time 137 guinea-pigs had been reared and 
tested. No marked difference in resistance to blackleg could be 
demonstrated. 

Rabbits have proved to be immune to all the strains of C. 
chauvei that have been used. Cultures have been injected both 
intravenously and subcutaneously in doses of 0.5 to 1.5 mil. 

White rats injected with 0.1 mil of cultures 3 and 12 showed no 
symptoms or lameness. ‘This dose killed guinea-pigs. 

White mice have been reported as being susceptible to black- 
leg, and recently these animals have been used in the determina- 
tion of the toxicity of the Foth and Kitt types of the organism 
(Kojima, 1923). 


SEROLOGICAL REACTIONS 


The macroscopic agglutination test has been used to study the 
relationship between some of the strains of C. chauvei and C. 
edematis. An attempt was also made to classify the three follow- 
ing cultures of C. chauvet which showed atypical cultural reac- 
tions: Strain “‘Reddish,’’ obtained from Prof. G. F. Reddish of 
the University of Virginia, strain “Berg,” from the Berg Biologi- 
cal Company, and strain “Lister” from the Lister Institute, 
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London. All these strains grow quite readily on 2 per cent 
glucose infusion agar. Slight morphological differences were 
noted, especially as to the number of organisms, pair and spore 
formation. In this they differed from typical strains of C. 
chauvei. 

Rabbits were immunized to strains 1 and 33 of C. chauwvei, 
strains 1, 3, 4 and 5 of C. edematis and strains “‘Reddish,”’ “Berg,”’ 
and “‘Lister.”” The rabbits were given from three to five injections 
of twenty-four to forty-eight hour brain-liver cultures intrave- 
nously or subcutaneously. Strains C.E. 2 and C.E. 5 produced a 
toxin that killed the first rabbits given these cultures. This 
toxin was destroyed in later experiments by heating the cultures 
to 65°C. for ninety minutes. The rabbits immunized against 
C.E. 2 died of other causes before immunity was developed. One 
serial of anti-blackleg serum 46 was used. This is a serum pro- 
duced from horses immunized against strains 1 to 10. 

Five dilutions of serum were made in one mil saline. The anti- 
gen in the form of twenty-four hour brain-liver cultures was added 
in doses of 1 mil to each tube. Duplicates of each dilution were 
made and a control containing no serum was used to assist in the 
reading of the test and to prevent the reading of auto-agglutina- 
tion as a positive reaction. The reaction was read after two to 
six hours incubation and again after ten hours at room tempera- 
ture. The final dilutions of serum were 1:40, 1:80, 1:240, 1:480 
and 1:960. 

Table 3 shows the agglutinations obtained. 

From these data it is seen that the C. chauvei sera agglutinated 
C. chauvei strains in a fairly high dilution. C. edematis strains 
were agglutinated in dilutions of 1:80 at the most. The three 
atypical strains were agglutinated in dilutions of from 1:40 to 
1:240. In one case no agglutination was produced, thus indicat- 
ing that these strains are not identical with the type used as 
standard C. chauvei. The agglutinations by the C. edematis 
sera show that strain 5 is a type 1 culture, and also that the three 
atypical C. chauvei strains are not the C.E. 1 or C.E. 3 type cul- 
tures. If there are only three serological types of C. edematis 
it might be possible to identify C.E. 4 as a type 2 culture. Also 
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the three atypical C. chauvei are not C. edematis types. The 
cultural reactions of strain “‘Lister’’ which produced acid in all 
carbohydrates, using serum water as a base, indicate that it was 
closely related to C. edematis culturally. Serologically it is seen 
that these three strains are neither C. edematis nor C. chauvei 
strains of the type described in this paper. 


TOXINS 


The production of toxins by C. chauvei has been reported by 
numerous authors since Roux in 1888 reported on the immuniza- 


TABLE 3 


Agglutination reactions of C. chauvet and C, edematis strains 





RABBIT ANTI-SERA 





| HORSE | 

ANTIGENS | SERUM | cnav- | SP4°- | cuav- 
#6 | 1 33 | CE.1/C.E.3|CE.4)/CE.5| var | SM) | ve 

| LISTER DISH BERG 

1 | 2 480 80 0 0 0 0 40 0 0 

10 | 240 | 480 | 960 80 0 0 

24 | 2 480 | 960 0 0 | 40 0 | 80 

33 | 240 | 480 | 960 0 0 40 0 80 40 40 
C.E. 1 | 40 40 40 480 80 40 480 240 40 0 
C.E. 2 | 40 40 80 40 40 80 80 SO 40 80 
C.E. 3 0 40 80 | 40 | 480 80 0 80 10 | 240 
C.E. 4 0 40 80 40 80 | 240 80 40 80 40 
C.E. 5 0 80 80 | 960 80 80 | 960 80 40 80 
Lister 240 | 240 | 240 80 40 40 40 | 240 | 240 40 
Reddish 80 40 0 80 80 | 240 0 | 240 480 240 
Berg 80 80 40 40 80 | 240 80 40 | 240 | 240 





Rabbit anti-serum C.E. 2 agglutinated the strains in the following dilutions. 
C. chauvei 1, 40; 10, 40; 24, 40; 33, 40; C. edematis 1, 80; 2, 960 3, 80; 4, 480; Lister 
240; Reddish 80; Berg 80. 


tion of guinea-pigs by means of filtered broth cultures of C. 
chauvei and tissue exudates from cases of blackleg. Leclainches 
and Valée (1900, 1923) found that cultures of C. chauvei produce 
toxins that kill guinea-pigs in a few hours. Grassberger and 
Schattenfroh (1904) and Eisenberg (1907) also found powerful 
toxins in blackleg cultures. Eisenberg, however, used centrif- 
ugation instead of filtration for the production of his toxin. 
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Kelser (1918) stated that toxic filtrates produced greater im- 
munity in calves than non-toxic filtrates. Eichorn (1918) found 
that blackleg filtrate is toxic. Haslam and Lumb (1919) showed 
that the protective powers of filtrate had no relationship to its 
toxicity. 

In the production of blackleg aggressin and blackleg filtrate 
at the Kansas Experiment Station a routine safety test on guinea- 


TABLE 4 
The non-toxic nature of blackleg filtrates and aggressins 





GUINEA PIG | | | RESULTS 











uetumenmenenints PRODUCT | ao Ee = 

Number Weight lday | 2 days | 3 days 
| grams mils | 

305 | 500 | Filtrate Subcutaneous | 15 | OK | OK | OK 

306 | 500 | Filtrate | Subcutaneous | 25 | OK | OK | OK 

307 | 400 | Aggressin | Subcutaneous | 15 | OK | OK | OK 

308 | 450 | Aggressin | Subcutaneous | 23 | 2X | 1X | OK 

380 | 250 | Non-phenolized | Subcutaneous | 1 | OK | OK | OK 
| aggressin 1 | 

381 250 | Non-phenolized | Subcutaneous | 2 | OK | OK | OK 
| aggressin 1 

430 | 300 | Non-phenolized | Subcutaneous | 3 | OK | OK | OK 
| aggressin 2 

431 | 300 Non-phenolized | Subcutaneous | 6 | OK OK | OK 

| aggressin 2 | | 

490 | 400 | 1 day filtrate | Subcutaneous | 5 | 2X | OK | OK 

491 375 | 2 day filtrate | Subeutaneous | 5 | OK | OK | OK 

492 | 300 | 3 day filtrate | Subcutaneous 5 | 1X | OK | OK 

493 | 400 | 6 day filtrate | Subcutaneous | 5 | OK | OK | OK 

494 | 400 | 7 day filtrate | Subcutaneous | 5 | OK | OK | OK 

533 400 | 10 day filtrate | Intracardially | 1 | OK | OK | OK 

537 | 300 | 10 day filtrate | Intracardially 1 | OK | OK | OK 

538 | 300 | 10 day filtrate | Intravenously | 0.5 OK | OK 

| 


OK 


1X, slight swelling; 2X, moderate swelling; 3X, large swelling. 





pigs is made. Two guinea-pigs are given 7 mils of the product 
subcutaneously. In all cases where this test has been made on 
material shown to be sterile by cultural tests on brain liver 
medium the guinea-pigs have shown practically no swellings. 
In a few cases where the cultural test and the guinea-pig test 
were started simultaneously the guinea-pigs have died. In all 
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these cases the material was shown to be contaminated and in 
several cases C. chauvei has been reisolated from these guinea-pigs. 
Large doses, 15 to 25 mils of filtrate and aggressin, have been 
injected into guinea-pigs without producing any lesions, as shown 
in table 4. 

A series of tests on unphenolized filtrates and aggressins was 
also made; no lesions were produced by these products. A series 
of flasks were then inoculated with C. chauvei 33. After twenty- 
four hours incubation, one flask was taken, the fluid poured off 
and filtered through small Mandler filter candles. This was re- 
peated on the second, third, sixth and seventh days. In the 
case of the first filtrate a guinea-pig was given 5 mils filtrate, and 
a culture tube containing brain liver medium was inoculated with 
the same amount (5 mils). The guinea-pig was dead the next 
morning and the culture tube showed cloudiness and gas. Both 
were shown to contain C. chauvei. This filtrate was refiltered 
and together with the other daily filtrates was tested for sterility 
before injecting other guinea-pig. Table 4 shows that these 
filtrates produced no lesions in guinea-pigs, except in the case of 
filtrates 1 and 3 which were contaminated by a few organisms; 
this was shown by growth of the brain liver test after three days 
incubation. It was found that sterile filtrates were much more 
easily obtained from old cultures that had auto-agglutinated 
than from cultures containing vegetative cells. _Non-phenolized 
filtrates of fresh exudates and muscle juices obtained from calves 
that had died of spontaneous blackleg were also shown to be non- 
toxic (table 4). Intravenous and intracardiac injections of fil- 
trate were also shown to be non-toxic. 


AGGRESSINS 


The substances found in filtered muscle juices and exudates 
of blackleg lesions (aggressins), or in filtered cultures of C. chauvei 
(filtrates) have been shown to be non-toxic (table 4). These 
products are shown to be true aggressins by the fact that (1) the 
addition of small amounts of these products will activate non- 
lethal doses of blackleg virus, (2) the addition of small amounts 
of these products to small amounts of avirulent washed cultures 
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of C. chauvei will produce typical blackleg lesions in guinea-pigs, 
(3) the addition of small amounts of these products to C. chauvei 
cultures will produce death in guinea-pigs passively immunized 
against blackleg. 

Table 5 shows that when a small amount of aggressin was added 
to 1/10 M.L.D. (0.07 mil) blackleg culture, death of the guinea- 
pig was produced in two days, and when 1 mil filtrate was added 
to 1,5 M.L.D. death was produced in four days. These experi- 
ments show that sublethal doses of blackleg culture virus are 
activated by small amounts of the products of growth of C. 
chauvei, either in the calf as in the case of the aggressin, or in 
culture media as in the case of filtrate. 

TABLE 5 


The aggressiveness of blackleg aggressin and filtrate when added to +4, and 4 M.L.D. 
C. chauvei culture 





| | 
GUINEA-PIG RESULTS 

















ES propuct | pose |cULTURE bane = —_— 
Number! Weight | | | lday | 2 days 3 days | 4 days 
ni mil 
389 | 275 | Aggressin | 0.75) 33 | 1/10| OK | D | | 
710 300 | Filtrate 1.0 33 1/5 | OK 2X | 3X D 





2X, moderate swelling; 3X, large swelling; D, death. 


The same reaction has been shown to occur in cattle (Scott, 
1923). Several cases of death from blackleg in calves treated 
with blackleg filtrate have been reported to the Kansas Agri- 
cultural College. It was found that these calves had been vac- 
cinated with blackleg powder vaccine some weeks before. The 
disease in every case developed a few days after the use of the 
filtrate in the region of the neck where the vaccine had been 
injected, thus showing the aggressiveness of this product. 

If cultures of C. chauvei are washed by centrifugation in salt 
solution so as to free the cells from all the products of growth an 
avirulent product remains (table 6). If small amounts of this 
washed culture be added to small amounts of filtrate or aggressin 
a virulent product results. Table 6 shows that by washing cul- 
tures of C. chauvei three times in salt solution and diluting the 
resulting packed cells in salt solution up to the original volume 
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an absolutely avirulent product results. The large doses may 
produce slight swellings due to the large amounts of cells to be 
absorbed; these swellings are more in the nature of absorption 
swellings than inflammatory swellings. The M.L.D. of culture 
28 was 0.2 mil before washing and after centrifugation three times 
in salt solution a dose of 15 mils or the equivalent of 75 times the 
M.L.D. is see to be avirulent, this amount only producing a 
slight absorbtion swelling in guinea-pig 441. 
TABLE 6 
Avirulence of washed culture 








GUINEA-PIG RESULTS 
WASHED _— 
- eae CULTURE — 
Number | Weight 1 day 2 days 3 days 4 days 
mils 
441 | 600 28 15 1X 2x OK OK 
442 | 600 28 7 OK OK OK OK 
| - © - - - - 
330 | 600 3 10 OK OK OK OK 
830 | 700 | 2 15 1X 1X OK OK 


1X, slight swelling; 2X, moderate swelling. 


TABLE 7 
Aggressiveness of aggressin and filtrate in the presence of washed culture 








GUINBA-PIG WASHED CULTURE RESULTS 
— —— PRODUCT DOSF 
Number | Weight | Number Dose 1 day 2 days 3 days 
mil mu 
119 | 300 28 0.3 Aggressin 0.3 D 
126 | 3530 28 0.3 


Filtrate 0.3 3X D 





3X, large swelling; D, death. 


It is therefore seen that the addition of the products of growth 
of C. chauvei will reactivate the washed culture. 

When 0.03 mil of washed culture 28 shown to be avirulent in 
doses of 15 mils (table 6) was added to blackleg aggressin or fil- 
trate and guinea-pigs were injected with these mixtures they died 
of typical blackleg as shown in table 7. This demonstrates that 
the products of growth of C. chawvei contain an aggressive 
substance. 

If guinea-pigs are passively immunized by the injection of anti- 
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blackleg serum and fifteen hours later a mixture of C. chauvei 
culture and filtrate or aggressin is injected, an aggressive reaction 
will be produced resulting in the death of the guinea p‘g from 
blackleg as shown in table 8. This reaction has been called the 
Neutralization reaction. 

Table 8 shows that amounts of anti-blackleg serum sufficient 
to protect a guinea-pig against at least 15 M.L.D. of C. chauvei 
culture virus, were neutralized by the injection of a mixture of 
0.3 mil blackleg filtrate and aggressin with 1.5 M.L.D. C. chauvei 
culture fifteen hours later. This shows that these products con- 
tain an aggressive substance. Guinea-pig 684, given anti-black- 
leg serum, was protected against 16 M.L.D. of the same culture 
when given unmixed with aggressin or filtrate. 


TABLE 8 
Neutralization reaction 






































GUINEA-PIG | SERUM | | | | , | RESULTS 
—_| 6 

h | = 
s | z a | PRODUCT | - | 1 | x | a" | - | » | 2 4 
si2|8| 3 | 8 si elele}3]3]3 
ne oe | Cn a 

| | mil | .. eee mil | | 
394 | 250 | 0. 15] 12, 3 Aggressin | 3 | 12/6 28| 1.5| 12/6 3X | 3X | D 
398 | 250 | 0. 15) | Filtrate | 3 | 28] 1.5) | 8X | 3X | D 
684 | 200 | 0.15] | 28 | 16.0) 4X | OK| OK 





3X, large swelling; D, Death. 


The neutralization reaction shown in table 8 forms the basis 
for the neutralization potency test for blackleg filtrate and ag- 
gressin (Goss and Scott, 1918). In the neutralization test a 
series of guinea-pigs are given a known amount of anti-blackleg 
serum, the usual dose being 15 anti-blackleg units (one anti- 
blackleg unit of serum is that amount which will protect a guinea- 
pig against one M.L.D. of blackleg virus). Fifteen hours later 
these guinea-pigs are given from 1 to 3 M.L.D. blackleg culture 
virus mixed with graduated doses (1, 2, 3, 4 and 5 mils) of black- 
leg filtrate or aggressin. Some of these guinea-pigs will die or 
show marked lesions. The guinea-pig dying from the smallest 
dose of filtrate or aggressin determines the strength of the prod- 
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uct. This amount will contain 15 minus 2 (dose of serum minus 
dose of virus), or 13 aggressive units from which the aggressive 
units in a 5 mil dose can be calculated. 

The reaction in table 7 showing the activation of the avirulent 
washed culture is made use of in the washed culture potency test 
for blackleg filtrate and aggressin (Scott, 1923). In the washed 
culture test the smallest amount of washed culture that is acti- 
vated by small amounts of filtrate or aggressin (0.3 to 0.7 mil) is 
taken to be the unit of washed culture. This unit is called the 
“potential” M.L.D. In determining the aggressive strength of 
filtrate or aggressin by means of the washed culture test a series 
of guinea-pigs are given one potential M.L.D. of washed culture 
mixed with graduated doses (0.15, 0.25, 0.3 and 0.4 mil) of filtrate 
or aggressin. The smallest amount of these products that acti- 
vates the washed culture determines the strength of that product. 
This amount is called one aggressive unit. 

In comparing filtrates and aggressins by means of these two 
tests five important points have been brought out. 

1. The aggressive strength of various serials of filtrate and 
aggressin, as tested by these methods, was fairly constant and the 
strengths, as determined by several repetitions of the same test, 
were also very close. In table 9 a comparison of several such 
serials has been made. Serials numbered, strain 1 to 32, are 
filtrates made from stock cultures of C. chauvei having these 
numbers. 

Table 9 shows that there is not much difference in the amount 
of aggressive substance produced by different strains of C. 
chauvei. It also shows that the neutralization and washed culture 
tests give very nearly the same readings for the different products 
tested and that successive tests do not vary to any marked extent. 
The average of 47 neutralization tests gives a reading of 16.35 
aggressive units and the 38 washed culture tests on the same 27 
products a reading of 15.53 aggressive units. Filtrate “‘28’’ was 
made from a virulent culture of this organism having an M.L.D. 
of 0.2 mil and filtrate “avirulent 28’’ was made from a culture of 
this strain having an M.L.D. of 0.9 mil. In both cases the 
M.L.D. was determined from the culture before filtration. It is 
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seen that the filtrates from both the virulent and avirulent cul- 
tures have an aggressive strength of 16.5 aggressive units. 

2. The aggressiveness of filtrates made from cultures of virulent 
and avirulent strains shows no marked differences, which indicates 


TABLE 9 
Comparison of aggressiveness of filtrates and aggressins 






































NEUTRALIZATION TEST WASHED CULTURE TEST 
| Ist 2nd | 3rd 4th | Ist | 2nd | 3rd 
test test | test test | test | test | test 
Filtrate 1195...............eeee:. | 21.5 | | | | 16.65) | 
Cs cikviadscgesassdags | 13.0 | 16.5 | | 12.5 | 
Pc rctcscedivcansbuves ss | 13.0 | 16.5 | | 12.5 | 12.5 | 
Filtrate 298...............0000018.0| | | [12.5] 16.5] 
PID, ivesavucessecveneveewe | 10.0 | 16.5 | 10.0 | | 
RRR | 16.5 | 16.5 | | | 20.0 | 
od gupmammmnmanamtegs: Fe) eet | 
PE Rika ciknsi nas cceckes | 16.5 | 16.5 | 14.28) 16.55) 
iid «dis cc cen teats vec cans | 13.0 | 13.0 | | | 14.65, 16. 65) 
eee eee ees | 13.0 12.5 | 
SS ae ee | 13.0 | | | | 12.5 | 
SE Oy pee | 16.5 | | 10.0 | 
GUN Gin 5s ccincicccncssesceeis | 21.5 | 12.5 | 
ERTS | 13.0 | 16.5 | 16.5 | | 16.65) 16.65) 16.65 
RT tid os each e hae | 16.5 | 16.5 | | 14.28 
NT conn iden ncadehoates .| 16.5 | 16.5 | | 33.33) 
SS RRR erewereore: | 16.5 | 21.65 | 14. 28) 
__, eerereey re | 21.65) 21.65 | | 16. 65) 
iil in GEIS eee | 32.5 | 16.65] 16.65} 16.65 
SIE eee | 13.0 | 16.5 | 16.5 | | 16.65) 14. 28) 
SI), i441 5c obeueiecs | 13.0 | | 9.0 | 
isi ts cvs tdedarncketen | 13.0 | | 12.5 | 
(TONS ESE EE oer 16.5 | 16.5 | | 16.65 
eee RR RB atin x 16.5 | | | | 16.65) | 
Ee 13.0 | 16.5 | 16.5 | 16.5 | 16.65] 16.65) 14.28 
Aggressin 207....................} 13.0 | 16.65 
ee 21.5 | 21.5 | 16.65 
47 tests 38 tests 
Average, 16.35 | Average, 15.53 





that the lethal part of a virulent culture is in the cells and not 
in the products of growth. 
Table 10 shows the aggressiveness of filtrates prepared from 
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cultures having different M.L.D. values. 
first tested to determine its M.L.D. and was then filtered. 
28 had an M.L.D. of 0.2 in one case and 0.9 in the other. 


TABLE 10 


Each 
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culture was 
Strain 
It 


Comparison of aggressiveness of virulent and avirulent strains of C. chauvei 








AVIRULENT STRAINS 








VIRULENT STRAINS 














7 Aggressive y Aggressive 
Number M.L.D strength (A. U.) Number M.L.D. strenath (A. U.) 
mil mil 
1 >1 14.5 28 0.2 16.5 
2 >1 13.0 29 0.3 13.0 
12 >1 16.5 32 0.2 16.5 
28 0.9 16.5 
TABLE 11 
The action of heat on aggressive substances 
PRODUCTION | UNHEATED scincmaniasied 
TESTs TESTS pee age or pee 
15 minutes 30 minutes 60 minutes 
PRODUCT 35 as | Sp aS $5 re | 5 as +. 
o s™ a - * & at G » -. 
ot | Se | ot | S| ot | Se | ot | Se | oe 
|32|)58| 32) 26 | 22) 55 | 22) Ee) gs 
3 | 83/35 | 63 | 35 | 3 | 3s oa 25 
= Z = Z s Z = Z = 
19@2 1923 
, 2 Se 16.5,14.28) 16.5 16.65 21.65 33.33/21.65) — 32.5 32.33 
one ee UNHEATED TESTS 1923 HE = ~ i a 
PRODUCT a Se = 





non cseh esos 


Agg. 
Agg. 
Fil, 1195...... 


Nae ei, 


ae 





Neutrali- 





Neutralization A.U.| zation culture 
21.65 21.65 | 16.5 20.0 
21.65 21.65 | 21.65 20.0 
21.65 21.65 | 21.65 20.0 
21.65 21.65 20.0 
13.0 16.5 13.0 20.0 
| 12.5 16.5 21.65 16.5 


Washed |Neutrali-) Washed 


zation culture 
A.U Al 
32.5 | 33.33 
32.5 | 33.33 
32.5 33.33 
32.5 | 27.0 


24.5 | 33.33 


16 5 


is seen that the virulence of the cultures does not materially 
affect the aggressive strength of the filtrate produced. 
also seen that one strain does not have a constant M.L.D. 


It 


is 
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3. The potential M.L.D. of the washed culture was found 
to be proportional to the M.L.D. of the unwashed culture. It 
was found to be from 0.05 to 0.2 mil greater than the corre- 
sponding M.L.D. The same amount of agressive substance 
was required to activate the potential M.L.D. of cultures having 
a high virulence as for those having a low virulence. Washed 
cultures made from avirulent strains may have a potential 
M.L.D. but this could not be determined. The cells of these 
avirulent cultures therefore contain little or no lethal substance 
but as has been seen (table 10) they produce as much aggres- 
sive substance as the virulent strains. 

4. The action of heat on the aggressive substances increases 
their activity. This point is referred to in Karsner and Ecker’s 
text, “The Principles of Immunology,” who cite Bail’s work 


as authority. 
TABLE 12 


Hydrogen-ion concentration of filtrate before and after the application of heat 
| 





pH arrer HEATING 60° FoR 





FILTRATE pH BEFORE HRATING ONE HOUR 
280 6.6 | 6.5 
101 5.5 5.6 
108 6.1 6.2 

1195 5.4 | 5.5 





Table 11 shows that heating blackleg filtrates or aggressins 
at 60°C. for one hour increases the aggressiveness of these 
products. 

This action is not due to changes in the hydrogen-ion con- 
centration, as is shown by table 12 which gives the pH reading 
before and after heating four serials of blackleg filtrate. One, 
filtrate 1195, was the same as that tested in table 11. 

5. The keeping qualities of blackleg filtrate and aggressin were 
found to be high. Three aggressins produced in 1920 having an 
aggressive strength of 21.5, 13.0, and 16.25 aggressive units had 
in 1923 an aggressive strength of 13.0, 16.25, and 21.65 aggres- 
sive units respectively. Filtrate 1, having an aggressive 
strength of 13.5 in 1918 had an aggressive strength of 9 in 1923, 
and after being held in the incubator for forty weeks had a 
strength of 26.0 aggressive units. 
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SPECIFICITY OF AGGRESSIVE SUBSTANCES 


The aggressive substances found in filtrates made from cul- 
tures of C. chauvei and C. edematis are essentially non-specific 
as far as can be determined by guinea pig tests. In some cases 
where the dose of virus and of aggressive substance and the 
resistance of the guinea-pig are favorable, specificity can be dem- 
onstrated as shown in table 13. 


TABLE 13 
Specificity reactions of aggressive substance 














GUINEA-PIG | | | RESULTS 
VIRUS — FILTRATE | a I EE = 
Number | Weight 1 day 2 days 3 days 
mil 

549 325 | C.E.1 1/10 | C.E1 0.75 OK OK OK 
550 | 350 |C.E.1 | 1/10 | C.E.2 | 0.75 OK OK OK 
551 | 375 | C.E.1 | 1/10 | C.E.3 | 0.75 OK OK OK 
552 | 300 | C.E.1 1/10 | Ch. 33 | 0.75 OK OK OK 
553 | 325 |C.E.2 | 1/10 | C.E.1 | 0.75 | OK OK OK 
554 | 375 |C.E.2/ 1/10 |C.E.2 | 0.75 | OK OK D 
555 350 C.E. 2 1/10 | C.E.3 | 0.75 | OK OK OK 
556 | 325 | C.E.2 | 1/10 | Ch.33 | 0.75 | OK OK OK 
634 | 230 |C.E.3 | 1/5 |CE.1 | 0.75 OK OK OK 
685 | 25 |C.E.3 | 1/5 |C.E.2 | 0.75 OK OK OK 
636 | 300 |C.E.3/ 1/5 |C.E.3 | 0.75 1X 1X 1X 
637 | 360 | C.E.3 | 1/5 | Ch.33 | 0.75 | OK | OK | OK 
671 | 325 | Ch.33 | 1/4 | C.E.1 1.25 3X D 

72 275 |Ch.33 | 1/4 |C.E.2 | 1.25 3X D 

673. || 275 |Ch.33 | 1/4 |C.E.3 | 1.25 | 3x D 

670 | 300 |Ch.33 | 1/4 | Ch.33 | 1.25 | 1X OK | OK 





The nonspecific reaction is also seen in the fact that filtrates 
of C. edematis strains will activate C. chauvei virus in the neu- 
tralization test. 

Table 13 shows that in the use of C. edematis Type 1 culture 
no aggressiveness was produced by any filtrates. In the case 
of C. edematis Type 2 culture true specificity was shown by 
filtrate C. edematis 2 which was the only filtrate to produce a 
reaction in the guinea-pigs C.E. 2 culture. The test on culture 
C. edematis 3 also shows specificity but the test using C. chauvei 
33 shows a non specific reaction. The filtrates of C. edematis 
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1, 2 and 3 contained enough aggressive substance to activate 
the culture virus of C. chauvei, while the filtrate of C. chauvei 
33 did not contain sufficient aggressive substance to produce 
more than a very slight reaction in any case. 

The finding that the aggressive substance in blackleg ag- 
gressins and filtrate is non-specific when tested on guinea-pigs 
and the fact that filtrates and aggressins produced from typical 
strains of C. chauvei produce a lasting immunity in cattle but 
not in guinea pigs, while filtrates produced from atypical strains 
or from other organisms do not produce these results, leads to 
the supposition that the aggressive substances may not be the 
immunizing agents. 


IMMUNITY 


Immunization of cattle against blackleg has been carried on 
since Arloing Cornevin and Thomas (1887) introduced the 
powdered muscle tissue or Lyons backleg vaccine. Leclain- 
chee and Valée (1913) introduced the liquid spore vaccine which 
is produced by growing cultures of C. chauvei at temperatures 
of 42°C. In 1916 Franklin and Haslam (Goss, 1917), working 
at the Kansas State Agricultural College introduced blackleg 
aggressin, which is produced by filtering the muscle juices and 
exudates obtained from a case of blackleg. In 1917 Goss and 
Scott (Goss, 1919) developed the artificial aggressin, or culture 
filtrate, produced by filtering pure cultures of C. chawvei. 

The results from the use of powder vaccine are not satisfac- 
tory. The immunity produced is of rather short duration and 
very susceptible calves may be given blackleg. The liquid 
spore vaccine has proved to be very satisfactory. Blackleg 
filtrate and aggressin produce a high degree of immunity (Scott, 
1923) which protects the animals during their period of greatest 
susceptibility (from six months to two years of age), if these 
products are given at the age of five or six months of age. Vac- 
cination with powder vaccines reduced the losses from 10 to 
20 per cent to 1 per cent (Norgaard 1898). Vaccination with 
blackleg filtrate and aggressin have reduced the losses to 1 in 
10,000 or less. 














CLOSTRIDIUM CHAUVEI AND CLOSTRIDIUM EDEMATIS 303 


Immunization of guinea-pigs by means of blackleg muscle 
virus, C. chauvei cultures, serum virus mixtures and filtrates 
and aggressins does not give uniform results. Immunization 
with cultures and muscle virus may perhaps give slightly greater 
immunity than when filtrates or aggressins are used. Of 138 
guinea-pigs injected with from 2 to 7 mils blackleg aggressin 
and ten days to two weeks later with 1 to2 M.L.D. C. chauvei 
culture, 70, or 50.7 per cent died. Of 270 guinea-pigs injected 
with 2 to 7 mil blackleg, filtrate and ten days to two weeks later 
with 1 to 2 M.L.D. C. chauvei culture, or muscle virus, 128, 
or 47.4 per cent died. These experiments show that the im- 
munity produced by the use of these products is very low. This 
immunity does not always exceed the limits of natural variation 
in resistance of guinea-pigs. It is possible that all the pigs that 
died were animals which had a very low initial resistance and 
that their resistance was increased by the injection of these 
products but not to a degree sufficient to protect them against 
the test dose. 

The cross immunization tests showing immunization of guinea- 
pigs by whole cultures of C. chauvei and C. edematis (table 14a) 
show that strain C. chauvei 33 immunized guinea-pigs against 
itself but not against C. edematis strains 1, 2, or 3. The C. 
edematis strains protected guinea pigs against themselves and 
also showed some protection against strains not used in the 
immunization. Immunization by the use of culture filtrates 
(table 14b) shows irregular protection. 

In these experiments with culture immunization it is seen 
that guinea-pigs immunized by the injection of culture C. chauvei 
33 were only protected against this culture but not against 
C. edematis strains 1, 2 or 3. C. edematis 1 protected a guinea 
pig against itself and against C. edematis 2. C. edematis 2 pro- 
tected against C. edematis 1 but not against itself. C. edematis 3 
protected guinea-pigs against itself and against C. chauvei 33. 
In the series of tests using filtrates of these cultures it is seen 
that filtrate of C. chauvei culture 33 protected against C. edema- 
tis 1 and 3 but not against itself. C.edematis 1 filtrate protected 
guinea-pigs against the culture itself but not against the other 
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TABLE 14 











| 


























GUINBA-PIG } RESULTS 
|g | ™ecronn™| vom | mare | corer, | Pots. | mare | Tels 
6/3) tod ees erie bed og 
Zz | = p- i n ” 
(a) 

| mil 
354 | 325 | Ch. 33 0.35 | 1/18 | Ch. 33 | 1.3 | 2/2 | OK | OK | OK 
355 | 300) Ch. 33 0.35 | 1/18 | C.E.1 | 1.3 | 2/2 | 3X | D | 
356 | 300 | Ch. 33 0.35 C.E.2 | 1.3 iD | 
357 | 300| Ch. 33 =| 0.35 | |C.E.3/} 1.3 | ID | | 
350 | 250 | C.E. 1 0.1 | Ch. 33 [1.3 | |} 3X |D | 
349 | 300) C.E.1 | 0.1 | C.E.1 | 1.3 | OK | OK | 0K 
75 | 250|C.E.1 =| 0.025, 1/20| C.E.2 | 1.3 | | OK | OK | OK 
376 | 250/C.E.1 |0.02 |CE.3/1.3 | D | 
361 | 300 | C.E. 3 0.1 | 1/18 | Ch. 33 | 1.3 | 2x | 1X | OK 
363 | 300) C.E.3 =| 0.1 | |C.E.1 [1.3 | sx | D | 
378 | 250 | C.E.3 | 0.025) 1/20 | C.E.2 | 1.3 | OK | D 
379 | 250| C.E.3 | 0.025 lcE.3 1.3 | OK | OK | ok 
364 | 300/ C.E.2 =| 0.025 }C.E.1 | 1.3 | ox | 1X | OK 
366 | 250 | C.E. 2 0.025) | C.E. 2 | 1.3 | OK | OK D 

250/C.E.2 | 0.01 | 1/23| C.E.3 | 1.3 | eo 

(b) 
FILTRATE 

601} 3900/ F.C.E.1 |4 |3/29/CE.1|1 | 4/7 | 1x | OK | OK 
602 | 275| F.C.E.1 |4 | 1C.E.2}1 | D | 
603 | 300| F.C.E.1 | 4 iCE.s ja | D 
604 | 275) F.C.E.1 (4 | | Ch. 33 | 1 | 3X | D | 
605 | 275| F.C.E.2 |4 | |CE.1]1 | 2x | D | 
606 | 275| F.C.E.2 (4 | CE.2/1 | D 
607 | 300/ F.C.E.2 |4 | ICE.3 }1 | D 
608 | 300) F.C.E.2 |4 | }Ch.33 }1 | 3x | D | 
609 | 225| F.C.E.3 | 4 }CE.1}1 | OK | OK | OK 
610 | 300| F.C.E.3 (4 | |C.E.2 | 1 D | 
547 | 375| F.C.E.3 | 5 |C.E.3 }1 D 
612 | 300| F.C.E.3 | 4 Ch33 |1 | ax | D | 
613 | 225 | F.Ch. 33 | 4 | C.E.1 |1 | OK | OK | OK 
614 | 250 | F.Ch. 33 | 4 CE.2/|1 | D | 
615 | 250| F.Ch.33 [4 | 1CE.3/1 | OK | OK | OK 
616 | 250 | F.Ch. 33 | 4 |} Ch.33 |} 1 | D | 
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strains. C. edematis 2 filtrate did not protect guinea pigs 
against any cultures used. C. edematis 3 filtrate protected only 
against C. edematis 1 culture. 

Similar results were obtained in a series of tests on the immuni- 
zation of guinea pigs by means of filtrates injected in doses of 
5 to 10 mils given in six injections over a period of seven days. 

From these experiments it is seen that immunization of 
guinea-pigs by means of whole cultures does not give satisfactory 
results, and that immunization of guinea-pigs by means of 


TABLE 15 
Passive immunization of guinea-pigs 














GUINEA-PIG | } RESULTS 
oe TE secu | pose | DATE | CULTURE hd DATE 
— warcnt | } lday | 2 days | 3 days 
| mil 
251 | 200 46 | 0.07 | 11/281 Ch.33 |5 | 11/29) OK | OK | OK 
252 | 200 46 | 0.07) |C.E.4 | 5 11/29, D 
253 | 150 46 | 0.07 1\C.E.1 |5 | D 
254 | 250 | 46 | 0.07 C.E.2 | 5 | D 
708 | 350 | 46 |0.05| 5/5|C.E.3 |3 5/6 | D 
709 | 250 46 | 0.05 | C.E.5 | 3 D 
703 | 300 | C.E.5 | 1.25| 5/5|C.E.1 | 1.5 5/6| OK | OK | OK 
704 | 250 | C.E.5 | 1.25 | | C.E.2 | 1.5 D 
705 | 350 | C.E.5 | 1.25 | |C.E.3 | 1.5 D 
706 | 350 | C.E.5 | 1.25 | C.E.4 | 1.5 D 
711 | 300 | C.E.5 | 1.25 | C.E.5 | 1.5 | 2x | 3x | D 
712 | 300 | C.E.5 | 1.25 | Ch. 33 | 1.5 D 








2X, slight swelling; 3X, large swelling; D, death. 


filtrates is even less satisfactory. Im neither case is the im- 
munization of sufficient regularity to be used as a basis for 
differentiation of strains. 

Immunization of guinea-pigs by the use of anti-sera on the 
other hand, gives uniform results, if sufficient serum is given 
to protect the guinea pigs against at least 2 M.L.D. of culture. 
In this way the variation in susceptibility of the guinea-pigs 
is minimized. Table 15 shows a series of passive immunization 
tests. 

Anti-blackleg serum 46 was produced from horses immunized 
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against strains 1 to 10. The anti-C. edematis serum was a 
rabbit serum produced by the injection of whole cultures of C. 
edematis 5 intravenously and subcutaneously. Serum 46 pro- 
tected guinea pigs against C. chauvei strain 33 but not against 
any of the C. edematis strains. Serum 46 has also been used 
to immunize guinea-pigs against most of the other strains of C. 
chauvei and has protected guinea-pigs against these strains in 
every case. The serum produced from a rabbit immunized 
against C. edematis 5 was rather weak, protecting guinea-pigs 
only against 1.5 M.L.D. (1.25 mil). Guinea-pig 711 was im- 
munized against C.E. 5 by the use of anti-serum. This guinea- 
pig died on the third day following the test dose of C.E. 5. 
This shows the importance of having enough latitude between 
the expected protective strength of the serum to be used and 
the test dose of the virus. Guinea-pig 703 immunized against 
C.E. 5 and tested with C. edematis strain 1 showed no swellings. 
This shows that C.E. 5 is a type 1 strain and confirms the results 
found in the agglutination reaction (table 3) which also showed 
that C. edematis 5 was a type 1 strain. 


SUMMARY 


1. It has been shown that anti-blackleg serum from horses 
protected guinea-pigs against C. chauvei strains isolated from 
typical cases of blackleg disease. These strains did not grow 
in 2 per cent glucose infusion agar. 

2. C. chauvei strains were shown to be typically single Gram- 
positive rods, producing occasional oval subterminal spores. 
C. edemaiis strains were seen to be typically chain forming 
types showing numerous filamentous rods. Some strains of 
C. edematis produced a predominance of paired organisms, in a 
number of which the elements formed a sharp angle one with 
another. 

3. C. chauvei strains were shown to be much less active bio- 
chemically than the C. edematis strains, C. chauvei only fer- 
menting carbohydrates in the presence of unheated serum, while 
the C. edematis strains fermented carbohydrates in a greater 
number of media. C. chauvei ferments a restricted number of 
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carbohydrates only while the C. edematis types ferment most 
carbohydrates. 

4. The pathogenicity of the cultures of C. chauvei for guinea- 
pigs was not constant. This was partly due to dfferences in 
resistance of individual guinea-pigs. Changes in culture media 
apparently did not affect the pathogenicity of C. chauvei for 
guinea-pigs to any marked extent, but the use of a feed rich in 
vitamines and mineral salts increased the resistance of the 
guinea-pigs. C. edematis type strains were more pathogenic 
for guinea-pigs than C. chauvei strains and were also in some 
cases highly pathogenic for rabbits and white rats. 

5. There was found to be no direct relationship between the 
pathogenicity of C. chauvei cultures for guinea-pigs and their 
pathogenicity for calves. 

6. The agglutination tests showed positive serclogical differ- 
ences between the types studied. 

7. Both tissue extract and culture filtrates were shown to be 
non-toxic in doses up to 25 mils. 

8. An aggressive substance was demonstrated in both the 
tissue extract and culture filtrates. This aggressive substance 
was increased in potency by the action of heat. 

9. The absolute specificity of the aggressive substance could 
not be demonstrated, cross aggressin reactions being apparent 
in many cases. 

10. The amount of aggressive substance produced by a viru- 
lent strain was found to be no greater than that produced 
by an avirulent strain. 

11. Active immunization of cattle by means of attenuated 
cultures, and especially by the use of filtrates and aggressins 
has been demonstrated, but the active immunization of guinea- 
pigs against both C. chauvei and C. edematis was shown to be 
uncertain. 

12. Passive immunization of guinea-pigs by means of anti- 
sera proved to be specific and gave a highly reliable method of 
differentiation. 

13. The results obtained by passive immunization reactions 
confirmed the findings obtained in the agglutination test. 
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14. Two potency tests based on the production of aggressive 
substance in cultures of C. chauvei and in the tissues of calves 
affected with blackleg are described. 

15. It is shown that the lethal substance is found in the cells 
of C. chauveit and that this lethal substance can not produce 
death in the absence of products of growth. The amount of 
this substance present in any given culture determines its viru- 
lence. 

16. The eight criteria of purity described in connection with 
the isolation of C. chauvei strains were shown to be sufficient 
evidence of the identity of these strains. 

17. The study of three atypical C. chauvei strains indicates 
the possibility of there being two types of C. chauvei, such as 
have been described by Zeiszler and Kojima. 

18. The C. chauvei type described in this paper appears to 
be the most prevalent. Anti-sera, filtrates and aggressins 
produced from this type have been shown to prevent blackleg 
in all parts of the United States, Mexico, Central America and 


in South Africa. 
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A descriptive chart for the pure culture study of bacteria, as is 
well known, has been published by the Society of American Bac- 
teriologists for about twenty years. During this time it has been 
revised frequently, the most recent revision until that of the 
past yéar being the one undertaken in 1920. For the last two 
or three years a loose leaf hand-book known as the Manual of 
Methods for Pure Culture Study has also been published by the 
Society to accompany the chart. The present report is written 
to give the Society members information as to recent develop- 
ments regarding both of these publications. 

As it is planned to revise the descriptive chart at least every 
four or five years, it was felt that a revision during 1924 would be 
desirable. Accordingly opinions as to the weak points of the 
1920 chart were secured from as many users of the chart as were 
interested enough to contribute their opinions; and a chart 
revised along the lines that seemed to be indicated was submitted 
to the committee members in the fall of 1924. After obtaining 
the comments and criticisms from the different members of the 
committee a new chart was drawn up and submitted to the 
Society at its Washington meeting December 29, 1924. It is 
now ready for printing and will have been put on sale by the 
Society before this article appears in print. 

A copy of the new chart accompanies this article and can be 
compared with the 1920 chart by any one having a copy of the 
same available. In general plan the chart is unchanged but it 
has been considerably improved in detail. One of the important 
changes is to remove the name Descriptive Chart from the top 
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so that the data concerning the history and isolation of the organ- 
ism may be placed at the very top of the chart. The terminology 
has been slightly improved throughout the chart; and more space 
has been allowed for recording the size of vegetative cells and 
spores as well as staining reactions. A section has been intro- 
duced for recording the optimum H-ion concentration and the 
pH limits for growth; more columns have been inserted for the 
fermentation of unspecified carbohydrates; and at the same time 
certain optional spaces have been introduced into the margin of 
the chart. Another change in the margin of the chart has been 
made in that it is proposed to use letters instead of figures to 
indicate characteristics that are variable, doubtful or undeter- 
mined. Except for these changes and a few others of like nature 
the chart is unaltered. To anyone unfamiliar with its use 
the new chart appears almost like the old. 

While this revision of the chart was being kept in mind, work 
was also being done to keep the material in the Manual of 
Methods up-to-date. This Manual of Methods was first issued 
in February, 1923. It was drawn up as carefully as possible; 
but the very nature of the material in it made it difficult to 
include the best and latest information in all cases. Such mate- 
rial as that in this publication may easily be out of date before it 
is actually published. As a result, before the year of issue was 
over certain sections already in need of revision were called to 
the attention of the committee. As the committee had obtained 
permission from the Society, when the Manual was first proposed, 
to revise sections of it from time to time, provided the revisions 
were not such as to change radically the methods given in it, 
certain sections were rewritten during 1924 and distributed to 
those holders of the Manual who had entered subscriptions to 
have their copies kept up-to-date. The sections that have 
been revised up-to-date are as follows: 

The section dealing with preparation of media was revised in 
January, 1924, principally so as to include practical instructions 
for preparing media containing the new indicators brom-cresol 
green and brom-chlor-phenol blue. At the same time the material 
previously published in this section was rearranged so as to make 
its use more convenient. 
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The section dealing with morphology was revised in February, 
1924, largely to include the results of recent committee investiga- 
tions on the Gram stain. 

The section dealing with fermentation of sugars and other 
similar substances was revised in January, 1924, not only so as 
to rearrange the material in more practical form, but also to give 
the results of recent information showing practical methods of 
using indicator media to determine acid production. 

The sections dealing with nitrate reduction, hydrolysis of 
starch and indole-production were revised in October, 1924 so 
as to include references to certain methods either recently 
described or recently called to the attention of the committee. 
These methods are now published in the folders dealing with the 
subjects in question; but it is not proposed to substitute them for 
the old methods. The old methods are still given with the sug- 
gestion that both the old and the new procedures be compared. 
For this reason it did not seem necessary to submit the new 
methods to the Society for approval before referring to them in 
the Manual. 

A very complete revision was undertaken of the section dealing 
with the determination of hydrogen-ion concentration, and the 
new folder issued in September, 1924. In this case also no new 
methods were given in place of the old methods; but the discus- 
sion was completely rewritten. When the first version was 
written, the subject of H-ion concentration was less familiar to 
bacteriologists than it is at the present day. For this reason it 
has proved possible to leave out some of the introductory mate- 
rial and to include in its place certain data of value in hydrogen- 
ion determinations. Particularly useful are Clark’s tables of 
buffer mixtures, which are now given in full in this section of the 
Manual. 

The chart and Manual are now quite widely used in both 
American and foreign institutions. The sales of the Descriptive 
Chart now total about 30,000 a year while about 1000 copies of 
the Manual of Methods have been sold during the two years 
since it was first published. These sales have been to institutions 
and private individuals located all over the United States and also 
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in Canada, England, Holland, Denmark, Australia, China, and 
Japan. This widespread use suggests that these publications 
must be filling a real need, and that the Society is accomplishing 
a worth-while purpose in issuing them. 

In just one way it is possible that instructors are not taking 
complete advantage of these publications. When the Manual 
was first issued it was felt that in cases where the chart is used by 
classes of considerable size the instructor might wish to have a 
copy of the Manual of Methods in the hands of each student 
using it. In such cases as these the manual would be used only 
one season and a permanent copy would not be desired. To 
meet such a demand as this the committee arranged to publish 
it in paper cover as well as in the regular imitation leather cover. 
This paper-covered form of the manual is sold for only 50 cents 
apiece or only 40 cents each when 10 or more copies are ordered. 
During 1923 quite a number of institutions ordered the paper- 
covered manuals to be used in this way; but there have been 
fewer such orders since then. It is felt that possibly instructors 
do not realize in general that it can be obtained in this cheaper 
form when desired for student use. For that reason the present 
occasion is taken to call attention again to this fact. 

In conclusion attention must be called to the fact that this 
chart and Manual are coéperative undertakings in which it is 
hoped that the Society as a whole may have some part. Care 
has always been taken to see that these publications do not com- 
mit the Society to opinions which are actually personal opinions 
of members of the committee and that methods which happen 
to appeal to committee members are not listed to the exclusion 
of all others. For this reason any method that proves workable 
in the pure culture study of bacteria is welcomed by the com- 
mittee and will be gladly inserted in future editions of the Manual 
of Methods. The loose-leaf form of publication makes it very 
easy to do this. The committee is glad not only to obtain sug- 
gestions of this sort but also to receive criticisms. No one on the 
committee has infallible judgment nor has had experience with 
all the types of bacteria for which these methods should apply; 
and although advice has been asked and received from various 
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quarters before drawing them up into their present form, it is 
recognized that they are still far from perfect For this reason 
no criticism is resented by the committee and any user of the 
chart finding the present form unworkable or the present Manual 
of Methods unsatisfactory for his purpose is invited to communi- 
cate with the chairman (H. J. Conn, Agricultural Experiment 
Station, Geneva, New York). It stands to reason that no tests 
of the chart or of the methods in the Manual which the com- 
mittee members can give in their own laboratories will be as 
rigorous as that of actual use in instruction laboratories through- 
out the country. Hence the committee hopes for the continued 
coéperation of all users in making both of these publications 
better in the future. 
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The observations to be detailed in this paper form a part 
of a broad program dealing with the biology of B. botulinus. 
The work was begun at a time when little or no data on the 
metabolism of this anaerobe had been published. Although the 
chemistry of the waste products formed by B. botulinus in 
different media appeared important, the elucidation of the mecha- 
nism of the toxin production was even more fascinating. A 
number of English workers have carefully investigated the 
chemical activities of several sporulating anaerobes, but the 
metabolism of the toxin-producing B. tetani and B. botulinus 
has not been studied. Irrespective of the fact that Kendall and 
associates, De Bord and Schiibel have since reported their chemi- 
cal investigations on B. botulinus it was felt that the problem 
originally formulated should be carried through in order to lay 
a foundation for some investigations on the nature of the poison. 
It is needless to emphasize that B. botulinus is excellently suited 
for such an inquiry on account of the great virulence of the 
toxin produced in practically every medium and on account of 
the enormous potency of the bacterial ferments elaborated by the 
organism. The multitude of data thus far collected must be 
considered as preliminary; the interpretation of a number of 
experiments may be changed as the work progresses. However, 
an account of what has been accomplished, incomplete as it 
may be, appears fully justified. 

1 This study was aided by grants from the National Canners Association, the 
California Olive Association and the Canners League of California 
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Since it is known from the work of Long (1920), Waksman, 
Braun and Cahn-Bronner that the nitrogen acceptable as a food 
is rather specific for each species of bacteria, and since it is 
assumed but by no means proven that the toxin is a nitrogen 
split product, the nitrogen metabolism of B. botulinus was carefully 
investigated. It was equally important to analyze the factors 
at work and the mode of action of this anaerobe in breaking 
down the nitrogen containing molecules and to study the degra- 
dation products resulting therefrom. It is now believed that the 
quantitative changes in the amino acids, the ammonia, the 
non protein nitrogen and the qualitative determinations of other 
nitrogenous constituents furnish the best and the most readily 
obtainable index concerning the nitrogen metabolism of an 
organism. The suitability of a medium for growth is usually 
judged by its amino acid content (Walker Hall) on account of the 
prevailing conception that amino acids are used directly for 
bacterial development (Bainbridge, Rettger et al.). Numerous 
attempts to grow B. botulinus in substrata composed of purified 
amino acids have been futile. This microérganism apparently 
lacks the ability to synthesize nitrogen groups from single amino 
acids and ammonium salts. Whether this property is common to 
the obligate anaerobic bacteria deserves careful investigation. 
It is not unlikely that, provided the other nutritional needs 
(carbohydrates, salts, ete.) are properly satisfied, purified amino 
acids may serve as an adequate nitrogen source. The rapid 
degradation of the nitrogen molecules to amino acids in cultures 
of B. botulinus suggests that these split-products may form the 
food sources of the organism. In all probability the amount of 
amino acid present in a growing culture at any one time repre- 
sents the excess over what is used by the bacteria. Furthermore 
the amino nitogen may be taken as a criterion to determine the 
degree of proteolysis, but independently it is an unreliable index 
for the estimation of nitrogen disintegration. 

Preliminary tests have shown that ammonia is the chief ni- 
trogenous end product of the metabolism of B. botulinus. In 
this sense, urea excreted in the urine of mammals and ammonia 
in cultures of bacteria have an almost parallel significance. 
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Kendall’s (1911) conception is ‘‘that the accumulation of free 
ammonia in cultures of bacteria is very largely, if not exclusively, 
the result of intracellular utilization of protein or protein deriva- 
tives for structural requirements and more particularly for 
energy.”’ There is little evidence to support Doryland’s extreme 
view that ammonia is the starting point for bacterial develop- 
ment. Non-protein nitrogen is considered the most reliable 
measure of proteolysis; this subject has been discussed in a 
former paper. 

Disagreement exists concerning the ability of B. botulinus 
to ferment carbohydrates other than glucose. A review of this 
phase of the chemical activity of B. botulinus has been made by 
Hall (1921) and Kahn and Bengtson (1923). 

Little is known concerning the gas production of B. botulinus. 
Van Ermengem thought gas and toxin were related. Hall’s 
data indicate that the presence of gas is dependent upon carbo- 
hydrate utilization. Wolf and Harris (1918) in their study of 
B. histolyticus and B. sporogenes, bacteria in many ways similar 
to B. botulinus, found that the organisms produced considerable 
gas on meat and sugar-free media, 70 per cent of which was CQ. 
Information concerning the amount of gas evolved by B. botu- 
linus and the time of its spontaneous collection over various 
media has therefore been secured. 

The production of acid by bacteria has been generally ac- 
cepted as an indication of carbohydrate utilization. Dakin, 
Newberg, Knoop and others, working with amino acids, have 
shown that their disintegration products may also give rise to 
acids. The amino, hydroxy and ketonic acids are closely related 
and readily change from one form to another. In cultures in 
which acids are being formed at the expense of carbohydrates, 
direct titrations may furnish approximate information concerning 
the amount of acid developed but, in case nitrogenous material 
is simultaneously utilized, the acids are largely compensated by 
the formation of basic products, the excess only being ionizable. 
Pasteur appreciated this fact and relied more upon litmus than 
upon volumetric determinations of acidity. Methods for the 
determination of the H-ion concentration of biological solutions 
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were introduced by Sérensen (1912) and improved by Clark and 
Lubs (1916) and others. The electrometric determinations of 
H-ion concentration, which are probably the most accurate for 
the determination of true acidity, are less convenient than the 
colorimetric for routine tests. 

Kligler (1916), Clark (1916), Wolf (1921) and others have 
discussed the ability of media to resist changes in pH through the 
addition of acid or alkali. Brown (1921) has presented a ser- 
viceable method, by which this property can be estimated. He 
has aptly designated it ‘‘ Buffer Index.”’ 

The quantitative determination and the identification of the 
various acids was considered important. The methods generally 
used for the estimation of the volatile acids are fairly reliable, 
but those recommended for their separation and identification 
are long and tedious. The presence of butyric acid in B. botu- 
linus cultures has been mentioned by investigators but never 
conclusively demonstrated. The members of the volatile acid 
series differ only in slight gradations; the separation of the 
individual acids can be effected by repeated fractionations. The 
Duclaux method and its modifications have been usually em- 
ployed. Wolf and Telfer practiced the Dyer steam distillation 
technique and by ingenious procedures estimated the acid formed 
by B. sporogenes in milk as follows: 25 per cent acetic, 11.7 per 
cent butyric, 16.2 per cent valeric and 41.4 per cent caproic. 
This procedure was found unsatisfactory by Bushnell and was 
severely criticised by Upson, Plum and Schott. Although it is 
known that the methods are unreliable for complex mixtures 
of acids, it has nevertheless been proved that they are capable 
of yielding comparative information and they are the best pro- 
cedures thus far developed. Attention has also been paid to the 
fixed acids. Fred, Peterson and Davenport working with xylose 
fermenting organisms and Foster with Streptococcus hemo- 
lyticus found that over 60 per cent of the acidity was due to the 
non-volatile, lactic acid. Blanchetiére and Aubel have published 
valuable information concerning the fixed acids formed by B. 
fluorescens and B. pyocaneus in media of definite chemical com- 
position. The observations of Wolf and Telfer indicate that the 
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production of acids by anaerobes is quite different from that of 
aerobes; only 40 per cent of the acids produced by B. welchii 
and B. sporogenes are non-volatile. 


METHODS 


Preparation of the cultures. The apparatus employed by Wolf 
and Harris (1917) for the incubation, the collection of gases 
and the sampling of the cultures of an anaerobic organism re- 
sponsible for wound infections was imitated in this investigation. 

A water bath (fig. 1) maintained at a constant temperature 
of 37°C. by a thermo-electric regulator and large enough to hold 
four 2-liter pyrex flasks incubated the cultures.?. The flasks 
were fitted with 2-hole rubber stoppers. Through one hole a 
glass tube reached to the bottom of the receptacle and was used 
for sampling; through the other were placed the connections 
needed for the evacuation of the flasks. Two-inch pieces of 
rubber tubing plugged with cotton were slipped over the outer 
ends of the glass tubes. The stoppers with their fittings were 
wrapped in paper and sterilized separately. The amount of the 
medium, the gas space and the capacity of each receptacle was 
calculated by weighing (a) the empty containers (b) the flasks 
completely filled with water and (c) the flasks after they had 
been emptied, charged with the medium and sterilized. An 
experimental series was usually set up as follows: The cotton 
plugs in the medium flasks were cautiously replaced by their 
rubber stopper and connections. These were wired in place 
and a generous amount of Imperial Cement was poured around 
the necks of the flaks. They were arranged in the water bath 
as shown in (fig. 1). In the tube system connecting the fermen- 
tation vessels and the manometer a special type of sterile 
“‘moisture trap’ (M.T., fig. 1) with an air filter were placed. 
These ‘‘traps’’ are a great improvement over ordinary cotton 
filters which quickly become damp and favor the entrance of 
contaminating organisms. Anaerobiosis of the flasks was secured 
by the use of a Cenko-Nelson two-stage electric pump connected 


* Made by the Electric Sales Service Company of Berkeley, Calif. 
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through a manometer tube which served as anindicator. It was 
absolutely necessary to have the best pure gum rubber tubing 
for all the connections as cheaper grades cracked upon auto- 
claving and were found unreliable. Shellacking of the tubing 
and the connections was used to maintain the vacuum. The 
flasks were inoculated after making sure that the system con- 
tained no leaks. 

Inoculation. The seed cultures were aspirated into the fer- 
mentation flasks. By inserting the large end of a Pasteur pipette 
into the rubber of the ‘‘sampling tube”’ and the other end into 
the inoculum the difference in pressure, when the screw clip 
on the ‘‘sampling tube’’ was cautiously opened, caused the seed 
culture to be sucked into the medium. The last of the inoculum 
was carried into the medium by holding the Pasteur pipette in 
the middle of a Bunsen flame and allowing warm air to be drawn 
in. The clamp on the rubber of the ‘‘sampling tube” was then 
closed; the pipette removed and the rubber tube washed out 
with 10 per cent formaldehyde. A piece of cotton was left in 
the end of the tubing and covered with an ordinary rubber 
nipple which served as an excellent protector. 

Gas reading and calculations. The height of the mercury in 
the manometer tube, the barometer and temperature readings 
were taken at the beginning of the experiment and at frequent 
intervals throughout the gas producing phase of the fermentation. 
273 V (P-T) 
(273 + t)760 
gas formed was calculated, due allowance being made, when 
samples were removed, for the decrease in the medium and the 
increase in gas space. This form of calculation may be illus- 
trated by an example: 

The gas space in the flask, plus that in the connecting tubes 
is 600 cc. The flask contains 1500 cc. of the culture, the 
barometer height is 753 mm., the manometer height 400 mm.., 
the temperature 37°C. and the initial vapor tension 40 mm., 
therefore 600 x 273 (753 —400 —40) 1500 


btn + = 513 ec. of gas 
273 + 37) 760 1000 


Making use of the equation V = the amount of 


per liter. 
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When large amounts of gas were produced it was collected 
over water as shown in the illustration. This method is open 
to criticism on account of the solubility of the gases and other 
factors; the results, however, are of comparative value. 

Sampling and handling of cultures. Previous to the removal 
of the samples the flasks were agitated to assist in liberating the 
gases and to mix the cultures thoroughly. Portions of from 50 
to 100 cc. were removed through the ‘‘sampling tube”’ with the 
aid of the pump as described by Wolf and Harris. An extra 
cotton air filter between the sampling bottle and the pump 
insured protection to the culture. The amount of material 
removed was noted and from 5 to 10 cc. were placed in sterile 
centrifuge tubes for toxin and purity tests; the rest was used 
for the chemical determinations. 

The purity of the cultures was tested either by preparing three 
dilution shakes cultures in deep liver-agar tubes as described 
by Heller or by plating the specimens in blood agar. After an 
incubation period of twenty-four to forty-eight hours the 
colonies were examined. Contaminated or doubtful cultures 
were invariably discarded. 

Toxin tests were made, either according to the standard method 
outlined by the Hygienic Laboratory of the United States Public 
Health Service or by inoculating suitable dilutions of the cen- 
trifuged cultures intraperitoneally into either mice or guinea- 
pigs. In all cases the type of animal used for the tests will be 
mentioned in the experiments. 


ANALYTICAL METHODS 


All determinations were made upon live cultures because 
sterilization by heat or through filter candles produced changes 
in the nitrogen constituents and the reactions of the cultures. 
The following methods have been used. 

Total nitrogen. A modification of the Kjeldahl procedure was 
used for total nitrogen determinations. Five cc. of 2 per cent pep- 
ton solutions were digested in Kjeldahl flasks with 15 ec. of con- 
centrated H.SO, and a few crystals each of potassium sulfate and 
copper sulfate for three hours, or until the solutions became 




















METABOLISM OF B. BOTULINUS IN VARIOUS MEDIA 329 


clear and bluish-green in color. The digestion mixture was then 
cooled, diluted with distilled water, about 1 gram of pumice 
added to assure even boiling, an excess of NaOH introduced, 
and the free ammonia distilled into standard acid solutions 
according to the usual methods. 

Non-protein nitrogen. The Folin and Wu precipitant for the 
removal of proteins from blood was used. Twenty cubic centi- 
meters of 2 per cent pepton (less in case of more concentrated 
solutions) were accurately measured into a 100 cc. volumetric 
flask, and diluted to about 70 ec.; 10 ec. of a 10 per cent sodium 
tungstate solution and—while shaking—?Nn H.SO, were added 
slowly until the reaction was acid to congo-red (approximately 
10 cc.); the mixture was then made up to volume. After 
standing twenty minutes it was filtered through a good grade of 
filter paper. The filtrate was suitable for estimations of the 
non-protein nitrogen, creatin, creatinin, uric acid, sugar and 
other determinations. 

For non-protein nitrogen determinations 20 ec. of the filtrate 
were digested and distilled as for total nitrogen determinations. 

Ammonia. Ejight-by-l-inch pyrex tubes arranged in series 
as in the Van Slyke and Cullen appa-atus for urea determination 
were used for ammonia determinations. Five or 10 cc. of culture, 
depending upon the amount of ammonia suspected, with 3 drops 
of caprylic alcohol to prevent frothing, were aerated according 
to the Folin method for two hours with 10 ec. of a saturated solu- 
tion of Na,CO; (5) into accurately measured amounts of standard 
acid solution containing alizarin as an indicator. The residual 
acid was determined by titration and the ammonia was calcu- 
lated. Duplicate determinations and controls were invariably 
made with each series. 

Amino acids. The Van Slyke method was used for the estima- 
tion of the amino acid nitrogen. A three-minute interval was 
uniformly used for deaminization and corrections for the inter- 
ference of ammonia were made according to the factors worked 
out by Van Slyke. The temperature in this laboratory varied 
slightly from 20°C.; the error involved in using an arbitrary 
factor for ammonia is therefore not comparable to that found 
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by Bushnell whose laboratory temperature ranged from 25° 
to 35°C. In nitrogen-rich media in which the growth of the 
organism caused a high concentration, the ammonia was removed 
before the determination of the amino acids. 

Creatin and creatinin. The colorimetric methods of Folin and 
Wu were employed for creatin and creatinin determinations; a 
pure creatinin standard was used for comparison. 

Volatile acids. For the quantitative estimation of volatile 
acids, the Dyer steam distillation technique was followed. A 
constant temperature in the distilling flask was maintained by an 
oil bath in preference to an electric plate. The distilling con- 
stants determined for. pure acids agreed closely with those es- 
tablished by Dyer so that it can be assumed that the equipment 
and the manipulations were satisfactory. A detailed account 
of such tests will be given in the experiments in which identifica- 
tions of the acids were made. It was found that in the first 
500 cc. of the distillate secured from the solutions of known 
acids, 84 per cent of the acetic, 98 per cent of the propionic and 
99.5 per cent of the butyric acids were recovered. Twenty- 
five to 50 cc. of culture were strongly acidified with 10 per cent 
H,SO,, made up to a volume of 150 cc. and distilled with steam 
until 500 ce. of the distillate were collected; this was titrated 
with n/10 standard alkali and reported as cubic centimeters of 
acid per 100 cc. of culture. In media containing large amounts 
of volatile acids it was found advantageous to make the determi- 
nations on protein-free material; this procedure eliminated the 
annoyance of frothing and bumping; furthermore it added to the 
accuracy of the determinations. 

Reaction. The H-ion concentration of the cultures was mea- 
sured electrometrically. All determinations were made by Mrs. 
Forster whose faithful coéperation and promptness in making 
the electrometric readings aided much in securing accurate 
results. Where a high concentration of H.S prevented the use 
of the H-electrode, the colorimetric method of Clark and Lubs 
was used as a substitute. In the tables “‘E”’ stands for electro- 
metric and “‘C”’ for colorimetric determinations. 

Sugar. Folin’s (1918) titration method was used for the 
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glucose determinations. Five grams of a phosphate salt mixture 
with 5 cc. of a quantitatively prepared copper solution were heated 
in a large test tube and the sugar-containing solution titrated 
from a micro-burette, according to the specifications of the 
method. On account of the dilution of the titration mixture 
determinations on solutions containing less than 0.1 per cent 
of sugar were unreliable. The Shaffer method which offers 
certain advantages was used in some of the later experiments. 

Buffer values. The method of Brown (1921) was used to 
determine the buffer value of a culture medium. The sum of the 
amount of standard acid to bring the reaction to pH 5.0 (methy!| 
red indicator) and the amount of standard alkali to bring the 
reaction to pH 8.0 (phenol red indicator) was determined. The 
figure obtained was termed the ‘‘buffer index”’ and reported as 
per cent normal. 


CHARTING AND RECORDING RESULTS 


All results were recorded in terms of 100 cc. of medium, except 
gas, which was calculated in cubic centimeters per liter. Acidity 
and alkalinity were reported in terms of N/10 solutions. In the 
charts the abscissae relate to the media or their split-products, 
while the ordinates refer to the time. 

The data of some of the experiments are recorded in the form 
of ‘‘derived curves.’’ They were prepared as follows: A curve 
was drawn of the gas production, i.e. the total amount of gas 
formed in a certain time was plotted against time and the curves 
for the other products were constructed using the same apex and 
taking graphic values in such a manner that the final point of 
each product coincided. Important conclusions may be drawn 
from curves of this kind; if, for example, the gas and acid are the 
result of certain chemical changes the production of a known 
amount of acid will be accompanied by the liberation of a definite 
amount of gas. In this case, curves showing the amount of acid 
and gas would coincide. 

Hourly production curves were frequently prepared by plotting 
the amounts of the metabolites formed in the culture during a 
given period against the time. These curves show clearly the 
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periods during which the activity of the organisms was most 
intense. 
EXPERIMENTAL DATA 


The conception that meat protein is necessary for the elabora- 
tion of B. botulinus toxin was so prevalent among bacteriologists 
that as recently as 1921 the fact that B. botulinus could grow 
and produce its toxin in ordinary cottage cheese was reported by 
Nevin as unusual. This is by no means surprising since previous 
to this date most of the accounts of the biochemical activity of 
B. botulinus were based on the studies of European investigators 
who probably worked with organisms similar to, or identical with, 
Type C B. botulinus. This group of bacteria has peculiar nutri- 
tional requirements while the common American Types A and B 
are not very exacting in their protein needs as will be shown in 
the pages which follow. 

Preliminary tests had demonstrated that B. botulinus grew 
and produced its toxin in a 2 per cent pepton solution. Since this 
medium has the advantage of being sugar-free and is relatively 
simple in composition, it was decided to begin the study of the 
metabolic activities of the anaerobe in this solution and later to 
follow its development in media better suited to bring out 
characteristic reactions. 

The experiments detailed below, unless otherwise stated, were 
conducted in the following manner. Approximately 2 per cent 
solutions of Parke-Davis or Difco pepton with 0.5 per cent sodium 
chloride were prepared with distilled water and adjusted with 
sodium hydroxide to pH 7.6, distributed in 2 liter flasks and 
sterilized at 115° for thirty minutes on 2 consecutive days. In the 
majority of experiments the fermentation of B. botulinus in plain 
pepton solution was compared with that in glucose-pepton. 
The carbohydrate was invariably added as a sterile solution to 
the basic medium shortly before inoculation. As a seed cul- 
ture, 15 cc. of a twenty-four to thirty-six-hour growth of B. 
botulinus in a 1 per cent glucose-veal infusion pepton-broth was 
aspirated into approximately 1600 cc. of medium. 
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Experimental series 1 


The serologic differences between Type A and B B. botulinus 
toxin evoked the question: Are there dissimilarities in the meta- 
bolic activity of these two types which can be measured by 
biochemical tests? Growth of Type A (a recently isolated 
strain 38) and Type B (the old Nevin strain 6) was therefore 
compared in media free from sugar and in one containing a 
known amount of glucose. 

Judging from the turbidity of the samples removed there was 
good growth in all of the cultures. Gas readings were made at 
frequent intervals throughout the fermentation and on the 
fourth day after inoculation chemical tests were made. This 
interval gave an opportunity for the gross chemical changes to 
take place and for any differences in inoculums to be equalized. 
In a subsequent experiment the later chemical changes will be 
discussed. 

The evolution of gas showed early chemical activity and is 
indicative of the suitability of the medium (chart 1). The 
amount of gas collected from the glucose cultures after four 
days incubation was approximately double that evolved by the 
organism grown in the plain pepton. In Series D the small 
accumulation of gas can probably be attributed to a slow leak. 
Gas production in the glucose cultures was at its maximum 
twenty-four hours after inoculation; the evolution ceased soon 
after the forty-eighth hour. In the absence of glucose the 
production of gas was more or less regular over a period of five 
days. 

In this experiment an excess of glucose was present; in Series 
A, C and D, the bacteria metabolized in four days 510, 670 and 
490 mgm. of glucose respectively (table 1). The variation in the 
amounts of glucose consumed by the organism in this set of 
experiments may be attributed to differences in the concen- 
tration of the peptones (see total nitrogen) and in the buffer 
value of the media, which according to the studies of Kligler 
and of others influence the sugar metabolism. Supplementary 
tests in which B. botulinus was grown on a 2 per cent Difco 
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pepton with various concentrations of glucose (1 to 6 per cent) 
demonstrated that irrespective of the sugar present only 550 
mgm. of glucose were used in the course of a fermentation period 
of four days. 

Comparison of the total sugar destruction with the total 
amount of gas which was recovered demonstrated a definite 
relationship between the two. In Series A and D in which a 
similar amount of sugar was consumed similar gas accumulations 
were recorded, in Series C a greater utilization of glucose was 
accompanied by a corresponding increase in gas production, while 
in Series B with a small amount of the carbohydrate little gas 
was formed. 

The initial reaction of pH 7.6 in the plain pepton cultures 
changed little after four days growth. In the presence of sugar 
as in Series A and C, a pH of 5.3 developed; in Series B, insuffi- 
cient glucose was apparently responsible for a pH of 6.2. In 
Series D,a pH of 4.75 developed. Difco replaced the Parke-Davis 
pepton used in the other series which probably accounts for this 
variation. 

The cessation of the gas production, the definite clearing of 
the culture fluids and the microscopic appearance of the or- 
ganisms all indicated that after four days incubation the activity 
of the glucose cultures was over. It cannot be stated with 
certainty that the acidity developed was growth-inhibitory 
since Mrs. Forster, working in this laboratory, has been able to 
initiate growth of B. botulinus in pepton solution at pH 4.4. To 
elucidate this point, sterile filtrates from five day Difco and 
Parke-Davis glucose-pepton cultures of B. botulinus were reseeded 
and no growth resulted; the addition of glucose was of no avail; 
when, however, the filtrate was adjusted with sterile sodium 
hydroxide to an optimum pH it supported fair growth. It 
therefore must be concluded that the H-ion concentration was at 
least one growth limiting factor. Jones (1920) attributed growth 
cessation of B. proteus cultures ‘‘to the paralyzing effect of the 
hydrogen ion concentration on the endoenzymes of the bacteria.’’ 
While little is known concerning the enzymes of B. botulinus the 
work of Dernby and Blane and that of Rona and Arnheim 
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indicate that a reaction of pH 5.3 would be insufficient to in- 
activate either proteolytic or glycolytic enzymes. 

Approximately 20 per cent of the nitrogen in the media was 
present as amino acid. After four days growth the concentration 
increased in Series A, B and C. Assuming that nitrogen com- 
pounds of the medium are converted into amino acid before 
utilization an increase indicates that the complex nitrogen mol- 
ecules were broken down more rapidly than the needs of the 
bacteria demanded. The presence of glucose favored the ac- 
cumulation of amino acid; the significance of this fact was 
discussed in a previous paper (Dozier, Wagner and Meyer) 
and was mentioned by De Bord. 

The ammonia nitrogen in the glucose-free cultures increased 
in Series A, B, C and D respectively to 99.4, 64, 50.4 and 40 
mgm. per 100 ce. of culture. Comparatively small accumulations 
of ammonia occurred in the glucose cultures and probably rep- 
resent a minimum use of nitrogenous material. The organisms 
growing in the glucose-free culture were forced to select for 
energy needs carbonaceous material from the amino acids, causing 
a large nitrogen waste which appeared as ammonia. 

More volatile acid was present in the plain pepton cultures 
than in those containing glucose. In Series B, the amount of 
volatile acid was the same in both cultures; judging from the 
amino acid and ammonia formation the nitrogen breakdown was 
also similar. In this series little sugar was present to modify 
the character of the fermentation. The experimental data are 
in harmony with the conception that the disintegration of the 
amino acid compounds give rise to acid products. 

The inevitable variability that is encountered in this type 
of experimental work makes it inadvisable to draw general 
conclusions; however the amino acid, ammonia and volatile 
acid changes indicate that strain 6, Type B, was chemically 
more active than strain 38, Type A. The fact that strain 6 
has been isolated for a number of years and has probably become 
accustomed to artificial media, may in part explain the more 
vigorous activity reported in this experiment. The results are 
in agreement with those of De Bord both as to the variability 
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of growth and as to the increased activity of Type B over that 
of Type A in 2 per cent pepton solutions. 


Experimental series 2 


The growth activities of B. botulinus in pepton solution were 
followed by a series of tests in which samples of the culture 
were frequently removed and analyzed for changes in the nitrogen 
constituents, in the reactions and in the sugar content. Such 
data enable the worker not only to detect the maximum changes, 
but they also offer an opportunity to relate the chemical ac- 
tivities which take place in the cultures. Such correlations are 
aided by the construction of derived curves. 

TABLE 2 
Growth of B. botulinus on plain and glucose Parke-Davis pepton 


Type A, strain 38 


S 7 Zz ° 
<t- < 7. on we Z. s 52 
pH Ea z = we Bo = z Ea x 
$c 2 =z | Sb e ee | 2 zs | 35 ” ¢ 
5 < < < E S 2 < > a : 
ony ¢ mgm mam r cc mgm. | mgm I at 
7.66 1.4 3.4 | 54.3 0 0 0} 58.0) 3.4) 2.2) 7.64 1.10 
7.60 3.0 $.9 | 65.0) 146 | 24 hours) 411) 56.0) 11.0) 12.8) 6.14 0.69 
7.58 7.0 | 66.0) 212 | 48 hours) 1135 88.1) 20.4) 13.4) 5.33 0.44 
7.6C)} 29.0 | 53.8 | 58.4! 589 | 96 hours) 1180) 88.1) — 14.1) 5.4C)/} 0.438 
7.79 | 32.0 | 61.6 | 87.0 652 | 7 days — | 92.0) 20.4 14.4) 5.34 | 0.40 


Two experimental series were conducted. In one series a 
Type A strain 38 was grown in a 2 per cent Parke-Davis and in 
another a Type B strain 53 was cultivated in a 2 per cent Difco 
pepton. For the sake of brevity only the results of the analysis 
of the Type A culture are detailed. 

After twenty-four hours of incubation 411 ec. of gas was 
collected from the glucose culture while less than one-third of 
that amount was formed by the organisms grown in the plain 
pepton medium (table 2). The change in the reaction and the 
loss in glucose were further evidences of vigorous activity. In 
the glucose culture, the maximum chemical changes had occurred 
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by the forty-eighth hour so that little variation was noted after 
five days incubation. Gas accumulated continuously over a period 
of seven days in the sugar-free culture. Between the forty-eighth 
and ninety-sixth hours 377 ce. of gas and 45.8 mgm. of ammonia 
were formed. The appearance of spores and the insignificant 
accumulation of metabolites indicated that the period of active 
proliferation of the organisms was over. The sluggish increases 
in ammonia and volatile acids which depict deep seated chemical 
changes, were probably due to a small number of growing bac- 
teria, while the accumulation of amino acids in old cultures was 
probably the work of enzymes. 

The unfavorable reaction which developed in the course of 
the fermentation of 700 mgm. of glucose prevented further 
visible development in the glucose culture. Why growth should 
apparently be inhibited in the plain pepton culture is not under- 
stood. Wolf and Harris (1917) report a similar though more 
rapid rise and fall of chemical activity of B. sporogenes in pepton 
eultures. The increases in amino acid and ammonia caused by 
B. botulinus are ‘indicative of proteolysis; there undoubtedly was 
no lack of soluble nitrogenous material in the medium. Since 
B. botulinus is unable to grow in synthetic media containing 
mono and dibasic amino acids and in this respect differs, for 
example, from the tubercle bacillus, which is able to synthesize 
specific nitrogenous compounds, it is reasonable to assume that 
the exhaustion of certain vitally important amino acids will 
limit its growth. Furthermore it is recalled that Long (1923, 
p. 52) considers the compounds, which remain after the deamini- 
zation of the cyclic amino acids, as growth inhibitory. A similar 
process may have been at work in the pepton cultures of B. 
botulinus. 

The vegetative organisms in both of the experiments made a 
prompt attack upon the glucose of the medium. When spores 
were used for inoculation, as in the experiments already reported 
(Dozier, Wagner and Meyer) the disappearance of the sugar was 
delayed during the period of germination of the spores. The 
sparing action, as conceived by Kendall and expressed in a 
reduced ammonia production was more pronounced in the second 
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than in the first series. In this connection the studies of Bush- 
nell, on the effect of carbohydrates in 2 per cent pepton solutions 
on the metabolism of an organism (probably B. sporogenes) are 
of interest. According to his data it is evident that 0.5 per cent 
glucose failed to exert a sparing action after the first days of 
incubation, while 1 per cent glycerol had the same influence as a 
similar concentration of glucose had on the B. botulinus cultures 
under consideration. 

There is no agreement among workers concerning the fermenta- 
tive ability of B. botulinus; a discussion of this phase is reserved 
for a later communication. However, it is well at this time to 
call attention to experiments in which lactose, sucrose, and soluble 
starch were added in 2 per cent concentrations to pepton cultures 
of B. botulinus. After an incubation period of four days the 
figures for the ammonia, the H-ion concentration and the gas 
volume were as follows: 


Strain 38 
AeA oH GAS PER LITER 
NITROGEN I _ —— 


mgm cc 
Lactose ; 82.0 6.8 — 
Sucrose ; 92.4 6.8 835 
Starch om , — ; 53.0 6.2 966 


It is evident that these carbohydrates are not readily available 
for the energy needs of B. botulinus and that, with the exception 
of starch, they apparently exert no sparing action. 

Volatile acids were produced in considerably larger amounts 
in the plain pepton media than in those containing glucose. In 
the Difco pepton more volatile acids were formed than in Parke- 
Davis pepton solution. These differences are probably due to 
the type of acid formed in the cultures; for example, acetic acid 
is more toxic to bacterial development than the other members 
of the volatile acid series. It is not unlikely that B. botulinus 
produced primarily acetic acid in Parke-Davis pepton solutions. 

The reactions in plain pepton media remained quite constant; 
in the presence of glucose the reactions quickly became acid 
and remained so. A higher H-ion concentration (pH 4.7) de- 
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veloped in Difeo than in the Parke-Davis pepton cultures 
pH 5.34). 

From the derived curves (chart 2) the following inferences 
may be drawn: In glucose-pepton-cultures, the formation of gas, 
the sugar consumption and the changes in the reaction are 
dependent upon each other, the ammonia production, though 
slight, is inhibited at the same time as the other activities; 
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these curves practically coincide. The amino acid accumulation 
is apparently not dependent on the other chemical changes. In 
the plain pepton culture the gas and ammonia production curves 
tend to parallel each other. This behavior suggests a close 
relationship between the two. It is conceivable that the amino 
acids are deaminized and that the remaining carbon fraction is 
subsequently degraded by beta-oxidation with the liberation of 
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CO,.. In the glucose culture the amino acid curve takes an 
independent course. 

The results of the two experimental series are so similar, 
that the one reported in detail may be considered as a prototype 
of the growth of B. botulinus in plain and glucose pepton solutions. 
The likeness is especially significant when it is recalled that B. 
botulinus Type A in Parke-Davis pepton was compared with 
Type B in Difeo pepton. 


Experimental series 3 


Van Ermengem (1897) procured the strongest B. botulinus 
toxin in a medium containing 2 per cent glucose. There are some 
indications that the American strains produce stronger toxins 
in the absence of glucose. For example Shippen states, ‘In 
dextrose mediums the acidity of the reaction supposedly is not 
favorable to toxin production. Since growth without acidity 
occurs in the presence of lactose, this substance was used in place 
of dextrose.’’ Dubovsky and Meyer discontinued the use of 
glucose media in their isolation work on account of the acidity, 
which inhibited the toxin production in soil cultures. Glucose 
has been found to favor slightly the toxin production of B. 
botulinus Type A strains 38 and 97 in a well buffered medium 
(Dozier, Wagner and Meyer). Since the metabolic activities of 
B. botulinus in 2 per cent solution are completely changed by the 
presence of glucose it was thought that its effect on toxin for- 
mation could be more readily observed in this medium than in 
one of higher biological value. Accordingly toxin tests were 
added to the regular chemical determinations. These experi- 
ments were in every way similar to those already reported. 
Guinea pigs were used for testing the progressive toxicity of 
the cultures. 


In the first series Difeo pepton was the medium and an ac- 
tively growing thirty-six hour old culture of B. botulinus strain 6 
(Type B) was used for seeding. The data are shown in table 3. 
After a lapse of forty-eight hours unusually vigorous growth 
took place in both cultures as judged by turbidity, gas pro- 
duction and the appearance of the microscopic slide preparations. 
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A loss of amino acids was noted in the sample removed on the 
twenty-fourth hour. The enzymic machinery for splitting off 
amino acids was probably more active after that time. At the 
forty-eighth hour, in spite of the ammonia which accumulated 
in the sugar-free culture, the amino acids increased. The changes 


TABLE 3 
Toxin pre duction of B. botulinus in pel fon and gl ICO 
2 PER CENT DIFCO PEPTON 2 PER CE FCO PE N 
1 PER CE I - 
c Z. AGE OF Z = 
2 | ¢ | y 4 CULTURE 4 - “ . 

33) 2 z - as as > | og lael eg 
> - ) — PA Pat 7 a a S s 
Type B, strain 6 
ce mgm. | mom ce mgm. | mom f 
1.4 2.8) 58.2) 8.0 C — QO hours! - 8.0C 56.0' 2.8 |20 1.14 

- — | 34.7; 7.9C /1.0 24 hours, 1 7.3C | 49.0) —- 
6.6) 9.9) 65.0) 7.6C (1.0 48 hours) 1 5.0C | 51.4) 4.2 | 7.8 10.90 
35.6) 40.6) 91.2, 7.53 E 0.5 72 hours l 5.02 E | 64.0 7.0 0.63 
53.7 | 67.2) 93.3) 7.54 E 0.05 96 hours! 1 4.89 E | 69.9' — | 9.5 
an _ _ _ 0.005 | 118 hours l _ - = —_ 
l 4.85 E | 76.5) 9.8 | 9.8 ‘0.40 


71.5 109.0) 83.5, 7.47 E 0.0005) 142 hours 


Type B, strain 53 


2 PER CENT P -DAVIB F n+ 
2 PER CENT PARKE-DAVIS PEPTON PER CENT PAREE-DAVIS PEPT 
1 PER CENT GLUCOSE 


3.6) 4.2) 63 
9 


2) 7.8 ¢ - 0 hours - 7.8C | 63.2) 4.2 | 5.2 |1.60 

-- 39.2) 73.9| 7.4C /1.0 20 hours! Neg 5.0C 50.7) 7.0 1. St 

37.2 | 46.9) 83.7) 7.54 E 0.5 44 hours! 1 4.88 E | 62.5 10.8 0.75 

39.2 | 70.0) 95.0! 7.42 E - 68 hours) — 4.70 E | 47.7) - 13.0 0.75 
— _ _ _ 0.005 92 hours! Neg 7.0 

50.6) 76.0 76.2) 7.18 E 0.005 7 days 4.65 E | 74.2) 8.5 0.60 


in reaction and the sugar consumption of 740 mgm. per 100 ce. 


were similar to those previously reported. The toxin in the 
plain pepton culture increased steadily; on the one-hundred- 
forty-second hour 0.0005 cc. of the centrifuged broth killed a 
guinea-pig in lessthan four days. In the culture, which contained 
glucose, little or no toxin was formed. 
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Parke-Davis pepton was inoculated in the second series with 
a B. botulinus Type B, strain 53. The chemical analyses indicate 
that on account of the favorable reaction the culture became 
active somewhat sooner than that in the first series. The deter- 
minations which extended over a period of seven days show, 
however, that the chemical changes taking place are greater in 
the glucose-free medium of the first than of the second series. 
More sugar disappeared from the second culture than from the 
first and a correspondingly greater H-ion concentration de- 
veloped. The toxin formed in the culture of the second series 
was not as strong as that of the first. 

The presence of glucose inhibited the toxin production of 
Type B B. botulinus in 2 per cent Difeo and 2 per cent Parke- 
Davis pepton solutions. The general appearance of the cultures 
indicated that more organisms were present in the glucose than 
in the glucose-free cultures; the toxin was therefore not dependent 
upon the number of organisms. The acidity, which resulted 
from the metabolism of the carbohydrate probably did not affect 
the toxin directly. It is recalled that Dickson (1915) found a 
potent toxin in the cultures of B. botulinus at an acidity of 3.2 
per cent to phenolphthalein and workers in this laboratory have 
repeatedly demonstrated the presence of toxin at a pH of 4.2. 
Accepting the hypothesis discussed and developed by Dozier, 
Wagner and Meyer, that the bacterial cell is the matrix of the 
poison and that the toxin is formed upon the autolysis of the 
organism, it is reasonable to assume that any agent, which 
interferes with autolysis, may influence the production of toxins. 
Flexner, Sturges and Rettger (1922) and others have studied 
the autolysis of bacteria. While little is definitely known con- 
cerning the enzymes which bring about this destruction Bradley 
has shown that proteolytic and autolytic enzymes, are not 
identical and that the latter are more easily inhibited by changes 
in reaction. The presence of glucose and readily available 
nitrogen gives little impetus for the production of nitrogen dis- 
integrating enzymes. The acidity developed so quickly in 
the poorly buffered media that there was little time during which 
a favorable reaction existed for autolytic enzymes to act. Near 
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the critical reaction for autolytic enzymes growth probably 
occurred without toxin production. According to Dernby and 
Allander B. tetani extends its growth over a broad pH range; 
while its toxin production is narrowed to a pH of 6.2 to 8.5. 
However, in a more recent paper Dernby and Walbum present 
evidence which indicates that the toxin production of B. diph- 
theriae is dependent on the presence of albumoses in the medium 
and on the reversal to a definite H-ion concentration. This 
aspect of the problem will be discussed later, more in detail. 

Supplementary tests have shown that the toxin production 
of Type A, strains 38 and 97 is not inhibited by the presence of 
glucose to the same degree as that of Type B cultures. Addi- 
tional comparative tests were unfortunately impossible on ac- 
count of the fact that some months later strains 53 and 6 as well 
as other B strains had changed to biotypes, which were non- 
toxic in pepton solutions. Variations and even loss of the toxin 
producing ability have been observed in Type C cultures of B. 
botulinus (Wagner). The enzymes or chemical factors engaged 
in the generation of toxins of the B and C Types are undoubtedly 
more readily affected by their environment than those of the 
comparatively stable Type A strains. 


Experimental series 4 


The addition of gelatin to a peptic-digest broth increases 
its biological value for B. botulinus. In fact media containing 
10 per cent gelatin are successfully used in this laboratory for 
the mass production of spores. This protein was originally added 
to the broth in order to buffer the excessive production of acids 
which apparently inhibited spore production. In this connection 
it is recalled that the value of gelatin in media was attributed to 
(1) changes in the viscosity and consistency (North), (2) increase 
in buffer substance and (3) presence of nutritive elements (Worth 
The recently published studies of Graham-Smith favor the last 
named property. He found by extensive plate counts that the 
total number of staphylococci grown in an 8 per cent gelatin 
solution and in a meat extract broth was less than the number 
grown in an 8 per cent gelatin-meat extract medium alone. It 
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seemed of interest to verify this conception by analyzing the 
metabolic processes of B. botulinus grown in pepton-gelatin 
medium with and without glucose. 

Gelatin to make approximately a 10 per cent concentration 
was added to a 2 per cent Difco pepton solution. The Type B, 


TABLE 4 
Growth of B. botulinus on pepton gelatin and glucose-pepton gelatin 


2 PER CENT DIFCO PEPTON + 2 PER CENT DIFCO PEPTON + 10 PER CENT 
10 PER CENT GELATIN GELATIN, | PER CENT GLUCOSE 
S| 4 rie 7. S | 
eZ = 4. ” » 4 S| gz | 
=z E z At Ae g Siltuis 
43 = 5 i 2s 4 = - : 2 |2§]| & 
wmE SE aio — = 2\/<is°|a 
Strain 53 (series A 
mgm. | mgm - cc ce = mgm. | mgm ce pm 
2.2; 6.0) 93.6) 6.1 0 0 hours 0 6.0 84.4, 6.0) 2.2)1.04 
6.5) — = 6.19 5 24 hours) 134 5.98 - — 7.5)0.91 
17.8) 39.0143.0| 6.77 73 48 hours) 1032 5.41 (170.0) 31.0) 18.40.59 
28.8; — /|156.8) 6.68 116 | 72 hours! 1785 | 5.27 /|170.6| — | 24.6)0.40 
— - — 6.43 191 96 hours; 2500 —-— }|}—f— - - 
—- — |156.6 — 226 | 116 hours; 2800 5.19 (185.0) — | — |0.02 
141.2 |326.0/357.8) 6.77 762 11 days _ 5.57 |220.0) 56.2) 29.0) O 
Strain 38 (series B) 
1.2; O (|113.0} 8.27 0 0 hours 0 8.27 (101.0) O 2.60.96 
- 0 |108.0 — | 11| 24hours 4 _ 99.3) 0 | — |0.88 
4.6) 18.2)123.0) 7.9 73 | 66 hours}! 770) 7.24 (139.0) 28.0) 12.2)0.71 
-|-/|- - 160 | 74hours| 1185| — -j|-|-/- 
86.6/176.4:398.0' 7.6 | 580 | 140 hours! 2446 5.3 341.6) 38.0) 41.0) 0 
3 


143.0 350.0420.0) 7.0 822 9 days | 2446 5.: 


347.0) 47.0) 43.0) — 


strain 53 was used for Series A and the Type A, strain 38 for 
Series B. The data are summarized in table 4. 

It is evident from table 4 (series A) that the greatest chemical 
changes took place between the twenty-fourth and forty-eighth 
hours of incubation. It was expected that after the exhaustion 
of the glucose the nitrogenous constituents would be more 
vigorously attacked. The medium contained 1038 mgm. of 
nitrogen per 100 cc. and only 186 mgm. or 16.9 per cent was 
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broken down by the organisms to amino acids and ammonia in 
eleven days. Although the pH reverted from 5.19 on the one- 
hundred-sixteenth hour to 5.57 on the eleventh day it is rea- 
sonable to assume from previously recorded observation that the 
growth of B. botulinus was unfavorably influenced by the re- 
action and some of the volatile acids and failed to regain its 
original vigor. The evolution of gas was very slow in the absence 
of glucose. At the conclusion of the experiment only 762 ce. 
per liter, or approximately the same amount as was formed by 
the organism in sugar-free pepton, were recovered. The re- 
tention of the carbon in the form of volatile acids and its un- 
availability for CO, production possibly account for the moderate 
gas production in a relatively rich medium. The proteolytic 
activity of the organisms increased the concentration of the 
amino acids and ammonia so that after eleven days incubation 
66 per cent of the total nitrogen was present in the form of these 
split-products. 

In Series B the reaction of pH 8.27 delayed the activity of the 
organisms; it was not until after the sixty-sixth hour of incuba- 
tion, when the reactions became pH 7.9 and pH 7.2 respectively 
that vigorous chemical changes took place. After the initial 
lag period the growth of the organisms caused strikingly similar 
changes in the media of the two experimental series. 

The acidities developed in the glucose-gelatin-pepton cultures 
indicate that the gelatin added little if any buffer value to the 
2 per cent Difco pepton solutions. This is confirmed by titra- 
tion experiments in which it was found that 2 per cent gelatin 
solutions had the low buffer index of 0.4 per cent normal. Fur- 
ther reference to this fact will be found in the sixth experimental 
series. 

Chart 3 presents the data from Series B in the form of derived 
curves. It can be seen that in the glucose culture, the greatest 
accumulation of gas, amino acid, ammonia and volatile acid 
occurred during the same time interval. From table 4 it is 
evident that no more gas was formed after the sugar was ex- 
hausted. The complete metabolism of the sugar did not entirely 
paralyze the activity of the culture. The continued formation 
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of glucose the gas evolution and the nitrogen breakdown are 
intimately related. 

A comparison of the activities of B. botulinus in a 2 per cent 
pepton and in a 10 per cent gelatin-2 per cent pepton solutions 
reveals that a larger amount of glucose is metabolized by the 
organisms in the gelatin medium and that the evolution of gas 
is correspondingly increased. The ammonia accumulation, while 
representing about the same percentage increase, amounts to 
much more in the gelatin-glucose culture. If taken as an index 
of intercellular metabolism as suggested by Kendall it signifies a 
much heavier growth than in the 2 per cent pepton-glucose 
cultures (series 2). Moreover the formation of amino acid and 
ammonia which occurred in the gelatin-pepton cultures is in- 
dicative of greater proteolytic activity. Experiments, which 
are not detailed in this communication, have shown that B. 
botulinus is unable to grow in plain watery non-hydrolyzed 
gelatin solutions. However, it is definitely proven that this 
protein incorporated into a simple pepton medium furnishes 
additional nutritive material. Little evidence was secured to 
support the contention that gelatin increases the true buffer 
value of the medium. 


Experimental series 5 


In the preceding series B. botulinus was studied on media, 
which, aside from a liberal amount of amino acid, contained also a 
fair proportion of polypeptides and albumoses. It appeared to 
be of interest to determine the biological activities of this ana- 
erobe in a nutritive solution which was biuret-free and yet rich 
in animo acids. Such a medium was secured by using the 
commercially available aminoids. Aside from carrying out bio- 
chemical analyses it was important to answer the following 
questions: (1) Are amino acids inhibitive or toxic for B. botu- 
linus, and (2) does the bacterium produce toxins in a biuret- 
free medium? Concerning the first question it is recalled that 
Burrows and Neymann noted a toxic or inhibitive influence of 
concentrated amino acid solutions on young tissue cells. More 
recently McLeod and Wyon report a similar unfavorable effect 
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of special amino acids on B. proteus and B. pyocyaneus. These 
observations have as far as is known not been extended to ana- 
erobes, although it is definitely proven that B. botulinus can 
develop in a 20 per cent solution of Difco pepton (Miss Bristol 
in this laboratory). The second question will be considered in 
subsequent paragraphs. It need merely be emphasized that 
according to Robinson and Rettger (1917), Bunker, Dernby 
and Walbum and others, toxin production of B. diphtheriae is 
slight or entirely absent in media which lack proteoses and 
peptons. The findings reported in this paper leave no doubt 
that B. botulinus is capable of toxin formation even in the absence 
of these split-products. 

It furthermore seemed advisable to include determinations 
which would detect losses in the nitrogen content of the medium 
since B. botulinus is a soil organism and through processes of 
nitrification may cause such a depletion. 

A 5 per cent solution of aminoids (a preparation sold by the 
Arlington Chemical Company, and probably a cereal digest 
product) was prepared in distilled water with 0.5 per cent NaCl. 
The solution was adjusted to the optimum reaction; 65 cc. were 
placed in large test tubes, |vaseline stratified and sterilized. Three 
drops of a twenty-four hour culture of B. botulinus Type A, 
strain 38 were used for inoculating the tubes. At the end of 
twenty-four hours the cultures showed vigorous growth. On the 
ninety-first hour chemical tests were made, and the results are 
reported in table 5. 

The data presented in table 5 indicate that in the course of 
ninety-one hours the amino acid content of the medium decreased 
139.8 mgm. An accumulation of 210 mgm. of ammonia ac- 
counted for the amino nitrogen loss. It signifies that the or- 
ganisms metabolized a portion of the unidentified nitrogen. An 
estimation of the exact amount of the total of 156 mgm. utilized 
would entail the determination of the nitrogen resident in the 
bacterial bodies. A small amount of the original 156 mgm. of 
undetermined nitrogen was in the form of amino acid which was 
not accounted for by the Van Slyke determination, the rest was 
probably in the form of simple peptids. 
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Considerable gas and volatile acids were formed: the reaction 
changed very slightly. Toxins were formed though the exact 
titer was not determined; in other tests B. botulinus has produced 


TABLI 
Growth of B. botulinus Type A or 


Total nitrogen, mgm 





Amino acid N, mgm 154.5 0 129 8 
Ammonia N, mgm 4 HO 5 9 
| oe 7.0 1.28 
Volatile acid n/10, ce 10) 67.2 9 
Toxin, 0.1 ec. killed guinea-pig in 21 hours 
2 PER CENT AMINOIDS 5 on : m 
Contr 4da 10 days ( 4 “ 
Total nitrogen, mgm 283.5 PRS 0 200 0 275.0 273 0 °71.6 
Amino N, mgm 197.0 158.0 125.0 184.7 171 169.2 
Ammonia N, mgm 18.5 72.8 84.0 18 0 4.0 37.3 
pH, C.... 7.8 7.4 7.4 7.8 5.5 5.5 
Gas per liter, ce 0 680.0 685.0 0 1010.0 1010.0 
Glucose, per cent ® 1.10 
TABLE 6 
Growth of anaerobes in a 6 pe ent aminoid 
VOLATI A 

B. tetani, 91 hours old cultures 12.0 144.0 
B. histolyticus, 91 hours old cultures 97.8 173.0 
B. sporogenes, 91 hours old cultures 294 0 
B. botulinus, 91 hours old cultures 67.2 210.0 
in a four day old aminoids culture a toxin, which in a dilution of 
1:50,000 was fatal to mice. 

Parallel experiments with B. tetani, B. sporogenes and B. 
histolyticus were made on the same 5 per cent aminoids solution 
(table 6). The increases in ammonia and volatile acids in the 


ninety-one hour cultures were indicative of vigorous growth. 
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B. histolyticus produced little gas compared with the other 
organisms; there was however a conspicuously larger accumula- 
tion of volatile acid and a lower pH (6.76). 

In a second series B. botulinus was studied in a 2 per cent 
solution of aminoids, with and without glucose. The gas was 
carefully collected and samples of the cultures were analyzed at 
regular intervals. The analytical data are shown in table 5. 

The amount of gas (table 5) and its rate of evolution from the 
glucose-aminoids medium differed in no way from that reported 
for the glucose-pepton cultures. The volume of gas recovered 
from the plain aminoids substratum was somewhat larger than 
that ordinarily collected from plain pepton media. Six hundred 
mgm. of sugar were used by the organisms during ten days 
fermentation. An excess of 1100 mgm. was still present. The 
reaction in the sugar-free culture remained almost constant, 
while in the glucose-containing culture it dropped to pH 5.5. 

Enzymes capable of liquefying carbolized gelatin solution were 
present in the seventy-two hour old glucose and in the plain 
aminoids cultures of B. botulinus. The stimulation of enzymes 
is apparently independent of the complex nitrogenous compounds 
of the medium. 

Total nitrogen determinations show that the nitrogen content 
of the media remained almost constant; differences of 6.5 mgm. 
and 3.4 mgm. are considered insignificant. The reaction of 
the media (pH 7.4 to 5.5) favored the retention of ammonia. It 
was only after cultures of B. tuberculosis became distinctly 
alkaline that Bosworth, Elkins and Blanchard observed note- 
worthy losses of ammonia. Since B. botulinus is prone to reduce 
an alkaline medium to a lower pH there is little chance for such 
extensive nitrogen losses as those reported by the above workers 
for the tubercle bacillus. Gas analysis of B. botulinus cultures 
show the presence of minute amounts of NO, (Miss Anderson in 
this laboratory). The losses which occur through oxidation are 
probably too small to be detected by the usual Kjeldahl 
determinations. 

Amino acids in concentration as high as 454 mgm. of nitrogen 
per 100 cc. exerted apparently no inhibitive or toxic effect upon 
the organism but rather seemed to stimulate growth. 
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Experimental series 6 


Witte’s pepton always has been considered the standard for 
bacteriological work. Since the war, however, its use has been 
restricted and its composition probably changed (Wilcox, 1922) 
so that no agreement exists among workers as to which of the 
many available peptons are the most satisfactory. Wolf and 
Harris (1917), for example, used the Cole and Onslow digest 
solution; Wilcox (1921) found Berna pepton highly satisfactory; 
Kendall failed to state, in a recent publication, the type he 
selected; Foster (1921) in metabolism studies of streptococcus 
employed Parke-Davis pepton; Dernby and Walbum were able 
to continue the use of Witte’s and De Bord working with B. 
botulinus and other organisms used Difco pepton. 

Through the studies of Robinson and Rettger (1918), Davis, 
Bunker and others it is well known that the biologic value and 
chemical composition of the commercial peptones vary greatly. 
Although they are each said to support growth of most bacteria 
little is known concerning their value in a medium, which is 
used for the growth and the toxin production of B. botulinus. 
Furthermore no comparative study of the nature of the nitrogen 
components has been published. 

The most important inquiries concerning the value of peptones 
for B. botulinus seemed to be: (1) which are the most suitable 
for growth; (2) which support the greatest toxin production; 
(3) what are the differences in the nitrogen constituents and 
buffering properties; (4) what chemical changes take place in 
the course of the development of the organism on the various 
peptones; (5) and is there any chemical evidence that peptic- 
digest, which has been successfully used in this laboratory, is 
superior to commercial peptones for cultivating B. botulinus. 

Peptones have been ‘‘ valued”’ for the most part by incorporat- 
ing the test pepton into a standard medium and then comparing 
the ability to support growth and toxin production of such 
organisms as B. diphtheriae and B. tetani. There is no necessity 
for ‘introducing the variables present in broth, in appraising 
the biologic value of peptones for B. botulinus because this 
organism is able to grow on watery solution of peptones. 
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Five of the most commonly used commercial peptones, a 
biuret-free product, aminoids, gelatin and peptic-digest prepared 
in this laboratory were selected for the comparative study. 
With the exception of the peptic-digest, which was made ac- 
cording to the formula given by Stickel and Meyer, 2 per cent 
solutions of the test material were prepared with 0.5 per cent 
NaCl and adjusted with NaOH to the optimum reaction. These 
solutions were distributed unfiltered into Blake bottles, vaseline 
stratified and autoclaved one-half hour. It is of interest to 
note the differences in appearance of these media after cooling. 
The color varied from a straw yellow to a brown in the following 
order Berna, Witte, Parke-Davis, Difco, Fairchild, aminoids and 
peptic-digest. Berna, Witte and peptic-digest solutions con- 
tained a considerable amount of flocculent precipitate while 
only a small amount of insoluble material was detected in the 
others. 

Two sets of these solutions were used for the chemical analysis 
of the peptones and two sets were inoculated with 1 ce. of a 
heated B. botulinus meat culture rich in spores. The growth, 
the toxin production and the extent of the chemical changes 
caused by the organism were studied. 

The nitrogen constituent of these media is divided into 
proteose, non-protein, unidentified, amino acid and ammonia 
fractions. Determinations were made of the total nitrogen and 
of the non-protein nitrogen. The difference between the two 
fractions represents the nitrogen available in the form of complex 
molecules. Gelatin contains native protein while the peptones 
as digestion products furnished only proteose or albumoses. In 
recent experiments Hiller and Van Slyke found that ‘‘tungstic 
acid was distinguished for the relative completeness with which 
it precipitated protein intermediary substances without pre- 
cipitating amino acids.’’ The tungstic acid filtrates however 
gave a biuret reaction and suggest that there were peptid groups 
present. Kendall (1922) called the non-protein nitrogen which 
was not identified as amino acid or ammonia, ‘‘polypeptid ni- 
trogen.’’ Since such a fraction contains not only the peptid 
nitrogen but also amino acids not determined by the Van Slyke 
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method, creatin, creatinin, uric acid and traces of other ni- 
trogenous compounds that are known to be present in small 
amounts this faction is here designated as the ‘unidentified 
nitrogen’’ of the medium. The results from the determinations 
are to be found in Table 7. 

The nitrogen content of the seven commercial products 
averaged about 13 per cent of the air dried material; the peptic- 
digest was much richer in nitrogen. For comparison the ana- 
lytical figures secured from the sample of peptic-digest inves- 
tigated were reduced to the nitrogen content of Witte’s pepton. 
These figures are shown in a separate column of table 7. 

It is generally assumed that the commercial peptones consist 
of a mixture of protein degradation products. It can be seen 
that Witte, Berna and peptic-digest have, roughly speaking, 
half of their nitrogen in complex nitrogen molecules. Aminoids 
and Fairchild pepton lack such a fraction and Parke-Davis 
and Difco peptones possess only a small amount of nitrogen 
which is precipitated by tungstic acid. The statement made by 
Davis that the American peptones lack albumose and proteose 
compounds which are present in Witte’s pepton is supported 
by these observations. The solutions rich in complex nitrogen 
compounds, with the exception of peptic-digest are relatively 
poor in amino nitrogen. When diluted to the same concentration 
as Witte’s the amino acid of peptic-digest compares favorably 
with the amounts present in Parke-Davis and Difco peptones. 
Aminoids and Fairchild pepton are rich in amino acids. The 
‘‘unidentified nitrogen fraction’? is abundant in Difco, and 
present in fair amounts in Fairchild and Parke-Davis pepton. 
Comparatively little ammonia was found in any of the solutions. 

The buffer indices of the test solutions have been determined 
by colorimetric and electrometric titrations. The results from 
the latter are presented in curves (chart 4). 

An agreement between the two types of titrations was attained 
with the exception of those for aminoids. The electrometric 
titration curve (chart 4) indicates that between pH 7.6 and 8.0 
the aminoids solution was able to accommodate a large amount of 
alkali. This made it most difficult to read the exact end point 
with an indicator. 








i 
ve 


oon 


METABOLISM OF B. BOTULINUS IN VARIOUS MEDIA 


VIv¥Ty 





GNV GIOy GUVGNVLg 40 NOLLIGGY GHL Ad GISAVE) VIGAJY 40 NOILOVAY NI SAONVHO GH, ‘y LUVAO 
































= 7 - cr NR fos @ 23 + Tr : 
oe > 
a 
ws , : 
| _gave-2att——— e 
—s = = eS 
: ad 
= 
bel 
“ad : 
- | 
= ! 
) 0 
‘ 
we : 
oe : 
oy 
= ! 
: nad 
SVM 4#FIING q 














358 E. WAGNER, K. F. MEYER AND C. C. DOZIER 


Peptic-digest with dibasic phosphate, as ordinarily prepared 
in the laboratory, possesses considerable reserve alkalinity which 
is most desirable; when diluted to the same nitrogen content as 
Witte’s pepton solution its buffer index is still slightly higher 
than that of any of the other solutions. It was of interest to 
discover that unhydrolyzed gelatin has comparatively little 
ability to resist changes in reaction. The buffer values between 
PH 8.0 and 5.0 recorded for Difco, Witte and aminoids solutions 
are similar to those reported by Bronfenbrenner, De Bord and 
Orr. The Fairchild pepton used by them had a higher buffer 
index than that employed in these experiments. Considerable 
variation exists between different lots of the same brands of 
peptones, for example lot no. 11,052 of Difeo pepton made up 
with redistilled water had a pH of 7.2 while lot no. 11,572 prepared 
with water from the same container had a pH of 6.5. It is not 
unlikely that had the bufer values been determined, variations 
as great as those reported for Difco pepton would have been 
found for Fairchild pepton. 

One gram of each of the peptones was ashed and weighed. 
Witte’s and Berna which are similar in their nitrogen fractions 
showed very dissimilar amounts of ash. The amounts and 
composition of the ashes from Berna and aminoids were ap- 
parently quite similar. Only a few of the more conspicuous 
differences in the composition of the various ashes will be men- 
tioned. A yellow iron oxide was present after burning Difco 
pepton. The large amount of iron gives rise to the black iron 
sulphide, which is quite definite in Difco pepton cultures of 
proteolytic anaerobes. Hall (1924) also found that the greatest 
blackening occurred in Difco media. In the ash from the 
Fairchild pepton, a copper compound was detected. It probably 
came from the alcohol which had been dehydrated by the copper 
sulphate method and used for the precipitation of the pepton. 

The phosphate content of the peptones was estimated by 
uranium acetate titrations. There is an exact agreement in the 
amount of P.O; found by Davis in Witte’s pepton and that 
reported in this experiment. Difco contained more phosphate 
than any of the other peptones. Aminoids however was much 
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the richest in that constituent. Peptic-digest is always deficient 
in phosphate, and 0.2 per cent is therefore added in the course 
of its preparation. 

After six days incubation at 37°C. the media which had been 
inoculated were analyzed. With the exception of the gelatin 
solution the growth of the organisms caused an evolution of gas 
and marked turbidity. The comparative macroscopic and micro- 
scopic appearance of the cultures are recorded in table 8. 

The amino acid determinations indicate that in Witte’s and 
Berna solutions with relatively low amino acid nitrogen content 
a considerable accumulation of the split-products took place. 
In a medium (Parke-Davis and Fairchild) rich in amino acids, 
approximately the same concentration was maintained through- 
out the entire growth period. A definite loss of amino nitrogen 
was noted in the aminoids solution. 

A marked accumulation of ammonia occurred in all the cul- 
tures. The organism produced the most profound chemical 
changes in the Parke-Davis pepton as judged by the ammonia 
production; in fact proportionally more was formed in this 
pepton than in the peptic-digest. The changes in reaction were 
slight and probably had little effect on the growth of the or- 
ganisms or its ferments. 

B. botulinus caused in every pepton solution a definite increase 
in the ability of the medium to resist changes in the reaction 
on the addition of acid or alkali. Brown (1921) noted that the 
growth of B. coli increased the buffer index of plain bouillon; 
in the presence of glucose this ability was slight, which naturally 
suggested that the increase in buffer value was due to the protein 
metabolism. It has been generally assumed that the amino 
acids played a réle in the buffering of a medium through their 
terminal amino and carboxyl groups. Recently Robertson has 
entirely disproved this theory. He found that hydrolized gelatin 
had less ability to resist change in pH than unhydrolized, which 
he attributed to a loss of -CONH-— groups. Likewise peptic- 
digest an enzymic product rich in amino acids was found by 
Stickel and Meyer to be relatively poor in buffer substance. The 
deficiency is corrected by the addition of dibasic phosphate. 
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The apparent increase in buffer material in the 6 day old cultures 
is probably due to the accumulation of alkaline and acid products 
which are held in the medium in the form of weak acid and 
alkali salts. Provided this explanation is correct the high buffer 
index developed in Parke-Davis and peptic-digest is accounted 
for by the large accumulation of ammonia. In the Difco pepton, 
as has already been mentioned, more volatile acids and a higher 
H-ion concentration developed than in any of the other peptones 
(see also Discussion, Experimental series 2). 

Peptic-digest and Difco cultures of B. botulinus gave positive 
indol reactions with Ehrlich’s reagents; when, however, they were 
tested by the Goré method, which is more specific, no reactions 
were obtained. 

In every pepton solution B. botulinus toxin was produced. 
The variations are not due to the nitrogen constituents of 
the media. Aminoids and Witte media are very dissimilar 
and yet both yielded a strong toxin. The low toxic titer de- 
veloped in the Berna culture was unexpected since this pepton 
proved highly satisfactory for the commercial manufacture of 
tetanus toxin (Wilcox). When Berna pepton was incorporated 
in a veal-broth it repeatedly furnished highly potent toxins. 
Berna pepton evidently lacks some specific substance supplied 
by the veal-broth. The weak toxin found in the gelatin solution 
undoubtedly developed from the germination of the spores, 
since there was little or no evidence of active growth. 


Experimental series 7 


The phenomenon of putrefaction of meat has long been the 
subject of chemical research. Early experiments were of a 
general nature and dealt primarily with the recognition of putre- 
factive products and their isolation. Later Tissier and Martley 
and Rettger determined the changes occurring in meat due to 
the growth of supposedly pure cultures. Muriel Roberston and 
subsequently Holman, Heller and others introduced the cooked 
meat mash medium into the cultural study of anaerobic or 
facultative anaerobic bacteria. Wolf and Harris have published 
interesting papers on the biochemical behavior of B. sporogenes, 
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B. histolyticus and B. welchii in this substratum. In this con- 
nection it is recalled that Th. Smith (1890) and later Tarozzi, 
Noguchi and others employed tissue broth cultures for the 
isolation of delicately growing microérganisms. As far as is 
known, no biochemical studies have been made on such media. 
Although beef heart mash media are not entirely satisfactory 
for quantitative biochemical studies (Wagner, Dozier and Meyer) 
it nevertheless appeared advisable to report on a number of 
studies which have been made with B. botulinus grown in this 
substratum. The abundance of waste products, which accu- 
mulate in a beef heart mash culture of B. botulinus furnish a 
suitable source for their separation and identification. The 
general composition of the medium has been frequently changed 
in this laboratory, and in order that there may be no misunder- 
standing the preparation is given in detail: The fat and the 
fasciae are removed and the meat ground. A given amount is 
mixed with twice its weight of water and heated slowly in a 
double boiler to 95°; this temperature is maintained for one hour. 
After cooling, the broth is freed from floating fat by skimming 
and is separated from the meat particles, which are reground. 
Later both fractions are recombined, the reaction adjusted and 
stabilized by heating. The finished medium is distributed in 
flasks in the desired amounts. It is customary to autoclave 
for one hour the first day and one-half hour the second. Between 
the two sterilizations the flasks are kept at 37°C. 

In the course of various experiments conducted in the labo- 
ratory the question was frequently asked, when does B. botulinus 
produce the maximum amount of toxin and when does deterio- 
ration take place at 37°C.? Thus far each group of workers has 
chosen the incubation time for toxin production more or less 
arbitrarily. At 28°C. an incubation period of one month or 
even longer has been practiced, while at 37°C. Hall (1924) found 
highly potent toxins to be present after the second or third day 
of incubation. Bengtson (1921) in her article on the standard- 
ization of the botulinus antitoxin found the maximum amount 
of toxin in beef heart cultures on the tenth to the fourteenth 
day. In a former paper the course of the progressive toxin 
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production in a veal infusion-peptic digest broth has been re- 
ported. Although in comparison with the poison of B. welchii 
and B. diphtheriae the botulinus toxin is very stable it is rea- 
sonable to suspect that it may deteriorate when kept at 37°C. 
These considerations led to an experimental series, in which the 
toxin production in the meat mash was studied simultaneously 
with the biochemical changes. 

Approximately 1750 ec. of sterilized meat medium prepared 
as previously described, were placed in 2-liter Pyrex flasks and 
sterilized. Shortly before the inoculation, the medium was re- 
heated to expel CO, and covered with a one-half inch layer of 
petrolatum. A mercury cup seal as used by Madsen for the 
cultivation of B. tetani protected the culture from exposure to 
the air. One flask was inoculated with 10 ec. of a forty-eight- 
hour-old beef heart culture of Type A, strain 38, and the other 
with a similar culture of Type Bb, strain 40. Samples for anal- 
ysis were removed with a siphon. Suitable dilutions of the 
centrifuged cultures were made in saline and injected intraperi- 
toneally into guinea-pigs. 

Both cultures after the twelfth hour of incubation showed 
evidences of growth. The meat particles appeared first swollen, 
then discolored and finally by the eighth day their contour was 
completely lost. On the eleventh day whitish crystalline deposits 
(perhaps tyrosine) were noticed in the pasty mass of disintegrated 
meat. The liberation of gas was most active around the forty- 
eighth hour. There was no perceptible macroscopic difference 
between the Type A and Type B cultures at any time during the 
entire period of observation. Microscopically, both cultures 
revealed a predominance of spores. The data of this series 
are presented in table 9. 

The medium contained approximately 1320 mgm. of nitrogen 
per 100 cc.; about 4 per cent was present in form of amino acids 
and ammonia. At the end of sixteen days of incubation the A 
and the B Types converted 60 and 50 per cent respectively of the 
total nitrogen into soluble amino acid and ammonia compounds. 
In the A culture the amino acids increased most rapidly between 
the thirty-sixth to forty-eighth hour; the rate of accumulation 
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then decreased although some amino acids were formed through- 
out the entire experimental period. The rate of ammonia forma- 
tion was similar, but the decline was more gradual than in the 


TABLE 9 


Growth and toxin production of B. botulinus on beef heart mash 








| AMINO AND 
MON 
AMINO ammonta | 4™ 1A | Toxin | VOLATILE 


TIME ‘ : “ NITROGEN aye pH 
NITROGEN NITROGEN M.L.D. » 
| NITROGE ITROGEN | FORMED BY {LI acip n/10 


| ORGANISM | | 
Type A, strain 38 





mgm mgm. mgm. cc } cc ~~ 
Ohours | 30.9 28.0 0 0 | 4.0 6.8 
6hours | 39.0 | 25.5 0 - | 6.6 6.6 
12hours | 34.5 | 38.9 14.5 1.0 i -—- | 68 
24hours | 56.0 | 49.3 | 46.4 1.0 8.5 6.8 
36 hours | 60.8 83.2 | 85.1 0.1 |} 15.5 6.6 
48 hours 116.7 124.1 181.9 0.01 21.5 6.9 
72 hours 188.5 204.0 333.6 0.001 | 48.0 6.9 
| 120 hours 242.6 | 278.0 461.7 0.001 | 8.0 | — 
8 days 373.0 | 391.8 706.8 0.0001 | 98.0 | 6.9 
lidays | 474.4 | 431.8 | 847.3 0.00001} 141.0 | — 
I6days | 433.5 | 496.0 | 870.0 | 0.001 | 157.0 | 


: 6.7 
| 





Type B, strain 40 


Ohours | 30.0 23.0 | 0.0 0 4.0 6.8 


6 hours | 33.0 | 2.5 | 0.0 a 4.5 6.5 
12 hours 31.7 25.8 3.5 | -— | 6.0 6.8 
24hours | 43.4 49.9 35.5 - 12.8 | 6.7 
36 hours 60.7 | 69.7 | 77.4 | 1.0 | 16.5 | 6.7 
48 hours | 70.0 90.1 107.1 0.1 21.5 6.7 
72 hours 188.5 207 .0 342.5 0.01 44.5 — 
120 hours - - - 0.001 - 6.7 
8 days 357.0 | 346.0 650.0 0.001 93.0 - 
li days | 335.0 402.0 687.0 0.0001 | — _ 


16 days 383.0 421.0 | 771.0 0.001 | 114.0 6.7 





7 days 31.1 28.5 | a3. 4 6.7 


amino acid production. The proteolytic activity of the mass 
culture developed slowly in the B culture. The peak was reached 
on the fifth day and then dropped gradually to a low level. The 
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hourly production curves presented in chart 5 illustrate this 
statement. Volatile acids developed in both cultures, but in 
spite of the large amounts demonstrated the reaction of the 
medium fluctuated very little. In fact the H-ion concentration 
remained almost constant. 

The sum of the amino and ammonia nitrogen is used as an 
index of the proteolytic activities of a culture and is termed the 
‘*nitrogen breakdown”’ shown in chart 5. 

A glance at the curves suggests that the toxin formation is 
closely connected with the increase in nitrogenous split-products. 
The potency rapidly progressed between the thirty-sixth and the 
one hundred twentieth hours in the Type A and between the 
forty-eighth and the one hundred twentieth hours in the Type 
B culture. Both reached their maximum toxicity on the eleventh 
day and showed a slight diminution in strength on the sixteenth 
day. ‘These observations convey the impression that the toxin 
production of B. botulinus in meat mash is in some way related 
to the proteolytic changes, which take place in the culture. 
The process of toxin formation is probably intimately connected 
with the proteolytic enzymes formed by the organism, but it 
is not as simple as the available data would imply. In this 
connection it is recalled that B. sporogenes or non-toxic cultures 
of B. botulinus induce a protein breakdown, which is similar 
to that of B. botulinus although no botulinus-like toxin is 
produced. 

The findings fail to support the contention of Knorr, who in 
quoting Geiger states that the Type B produces a stronger toxin 
than the Type A strains. However, it must be emphasized 
that strain 40 generally grows less actively than some other 
members of the B group studied in this laboratory. It is there- 
fore not unlikely that the difference in the potency of the toxin 
must be attributed to the reduced vigor of growth. This point 
will be discussed later. The data of this experimental series 
have been confirmed in a number of similar tests and have 
prompted Dubovsky and Meyer to select an incubation period 
of ten days for the study of their field cultures. 
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Experimental series 8 


Nothing definite is known concerning the oxygea requirements 
of B. botulinus. As a rule, growth is entirely absent in liquid 
media, which contain no meat and are not stratified with petro- 
latum. Since it is customary in this laboratory to cultivate 
B. botulinus under varying conditions it appeared advisable to 
study the products of metabolism, which formed in an inoculated 
beef heart mash medium exposed to varying oxygen tensions. 

For this experiment, 20 bottles each containing 150 ee. of 
beef heart medium were used; 9 were inoculated with 0.5 ec. of a 
vegetative culture of strain 38, Type A, and 9 with a similar 
culture of strain 40, Type B; 2 sterile flasks served as controls. 
In each set, 3 bottles were closed with cotton plugs, the media 
of 3 others were covered with a half inch layer of petrolatum and 
3 were evacuated and sealed. They were incubated at 37°C. 
Chemical analysis were made on the contents of one bottle of 
each group on the fifth, tenth and fifteenth day of incubation. 
The results of the tests conducted on the tenth day are presented 
in chart 6; the progressive protein disintegration of the medium 
under the influence of the bacterium is shown in table 10. 

Growth was initiated at about the same time in all of the 
flasks. By the tenth day considerable amounts of amino acids 
and ammonia accumulated. In the Type A cultures the ex- 
clusion of oxygen (chart 6) favored the formation of ammonia. 
The Type B culture covered with petrolatum was less active 
for reasons which have not been determined. In the sealed 
cultures the reaction remained slightly acid probably due to the 
retention of CO, and H.S. In the open flasks the escape of these 
gaseous waste products rendered the medium slightly alkaline. 
The total amounts of volatile acids formed in the three ten days 
old Type A cultures were practically the same: 95 to 120 ce. 
n/10 acid per 100 cc. of medium. Unfortunately the types of 
acids have not been determined. 

The data presented in table 10 indicate that the exclusion of 
oxygen favors the proteolytic activities of B. botulinus. Further- 
more they support the contention of Omelianski that the com- 
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position of the medium determines the degree of anaerobiosis 
necessary for the growth of an obligate anaerobe. Invariably, 
excellent growth and toxin production are noted in broth con- 
taining meat particles. Whether the action of the meat is 
merely mechanical as suggested by Douglas, Flemming and 
Colebrook or whether it serves as a reducing agent as experi- 
mentally proven by Gates and Olitsky deserves further 
investigation. 





Experimental series 9 


In the preceding experiments the amount of volatile acid 
developed in the cultures of B. botulinus has been determined. 


| It appeared of interest to identify the various acids. Meat 
TABLE 10 
j Per cent of total nitrogen recovered as amino acid and ammonia 

. i OPEN T« COVERED EXHAUSTED 
a asainteaned — THE aim WITH OIL an en LED 

per ce ni per cent per cent 

|| 5 days 19.0 20.0 21.5 

Type A, strain 38... 10 days 28.7 31.4 32.9 

15 days 35.0 40.0 42.0 

Type B, strain 40 5 days 16.0 17.0 24.2 

10 days 34.5 28.0 36.9 


mash cultures were chosen and in order to elucidate the mecha- 
nism of the acid formation, simultaneous determinations of the 
amino acids, the ammonia and other metabolic waste products 
were made. Seven cc. of a thirty-six-hour-old meat culture Type 
A (strain 38) were used to seed 1750 ec. of beef heart medium; 
the evolution of the gas was measured and samples of the cultures 
were removed at regular intervals. The data of this experimental 
series are presented in table 11. 

It is evident from the figures presented in table 11 that the 
gas production was vigorous; by the twenty-eighth hour 465 cc. 
per 1000 cc. of medium had accumulated; a second period of 
active gas evolution occurred after the fortieth hour. The heavy 
sampling of the culture on the seventh day, which was necessary 
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for the acid identification tests, probably interfered with the 
subsequent gas measurements. 

In the course of ten days the non-protein nitrogen of the 
medium was increased from 101 to 1050 mgm.; 787 mgm. of this 
fraction were identified as amino acids and ammonia. There 
is little need for comment upon the accumulation of these soluble 
nitrogen compounds as they were very similar to those formed 
by B. botulinus in the preceding experiments. Determinations 
on similar meat cultures indicated that 60 mgm. of nitrogen were 


TABLE ll 


Growth of B. botulinus strain 38 on beef heart mash 


. > . - NON- 

rue “tren | xrrnocen | wrrnoaen | PROTEIN | cern wig | PH 

ce mgm mgm. mgm ce — 

0 hours 0 32.0 18.7 101 1.6 6.7 

4 hours 46 — _ _ _ _ 

16 hours 251 ~ _ — — — 
21 hours _ 67.9 44.2 -- 10.8 6.68 E 

28 hours 461 _ _ ~~ -- — 

40 hours 512 111.5 117.0 —- 33.6 6.9 

52 hours 792 - - _ — - 

64 hours 1055 — - _ _ 

72 hours _ 250.0 127.0 ~ 75.0 7.2 

88 hours 1150 — — ~ — — 

112 hours 1210 - — — - - 

120 hours - 357 .0 261.0 - 118.0 7.2 

136 hours 1260 — — _ — — 

7 days _ 343.0 340.0 966 141.0 — 

10days | -— 374.0 413.0 1050 158.2 7.4 

30 days - 523.0 438 .0 = 217.0 —_ 


present in the form of creatinin while only traces of urea and 
uric acid were detected. Volatile alkaline amines in small 
amounts were also determined. The largest part of the 263 mgm. 
of unidentified soluble nitrogen was resident in the peptid ni- 
trogen compounds and in amino acids, as for example proline, 
which is not accounted for in the Van Slyke determinations. 
As has been previously stated by Wagner, Dozier and Meyer, 
the non-protein nitrogen determinations show that a greater 
nitrogen cleavage took place in the medium than was indicated 
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by either or both the amino acid and ammonia figures. The 
reaction of the culture became more alkaline as growth proceeded. 
In a control culture in which no arrangement was provided for 
the release of the gas, the pH dropped from 7.4 to 6.5. 

Volatile acids. The volatile acid accumulated fairly regu- 
larly throughout the experimental period, and 217 ec. of n/10 
acid were recovered after thirty days incubation of the culture 
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Cuart 7. THe DISINTEGRATION OF Meat Mepitum Cavusep sy B. BoTruLinus 


The derived curves (chart 7) indicate that the volatile acids 
resulted from the nitrogen disintegration of the medium; their 
accumulation was more regular than that of the ammonia. 
Long chain acid radicals could be oxidized during the growth 
of the organism without disturbing the —COOH— group. B. 
botulinus is probably not able to carry the oxidizing process 
further than acetic acid since tests for formic acid repeatedly 
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yielded negative results. The accumulation of volatile acids 
would in such a case be more regular than that of the ammonia. 
Deaminizing procedures in the medium and excretory waste 
material from the bacterial bodies both undoubtedly increase 
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Cuart 8. Tue Steam DisTILLATION OF KNOWN AND UNKNOWN AcID MIXTURES 


the ammonia nitrogen of the culture. For the identification 
of the volatile acids three modifications of the Duclaux methods’ 
have been used. 


* In order to avoid any misunderstanding the methods which have been tried 
and those which were finally chosen, are briefly reviewed. 
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1. Steam distillation. Pure acids are distilled with steam ac- 
cording to the Dyer technique. The results from the titration 
of the 100 ce. fractions of distillate are calculated as percentages 
of the total amount of acid known to be present. The rate of 
volatilization of acetic and butyric and also of a mixture of the 
two are shown in chart 8. By a comparison of the results from 
the steam distillation of an unknown acid mixture with those 
of known acids an approximate idea of the nature of the acids 
present is secured. Color tests serve excellently for identifying 
individual volatile acids but give little information when applied 
to mixtures of closely related acids. 

2. Fractional steam distillation. The methods of Wolf and 
Telfer for fractional distillation were found impractical and their 
use was discontinued. 

3. Duclaux method. Solutions of known acids are made up to 
a volume of 110 cc. and distilled in 10 cc. fractions, these are 
titrated and the results calculated as percentages of the distillate 
in100ce. The sequence of the resulting numbers is characteristic 
for each acid. Most satisfactory results are secured by this 
method and it was adopted for the determination of acids in 
fermenting mixtures. 

The direct distillation of the media was inadvisable on ac- 
count of frothing and the subsequent changing of the organic 
material. The cultures were therefore distilled with steam until 
1500 cc. of the distillate had been collected. The volatile acids 
were titrated, an excess of alkali added, evaporated on the 
water bath to 75 cc.; then the acids were liberated with H,SO, 
and the mixture was distilled by the Duclaux technique. The 
titration sequence of the known acids in the preceding experi- 
ments agreed so closely with the results of Duclaux, that the 
tables prepared from the distillation of mixtures of acids by 
him were used for the interpretation of the data collected from 
this experiment. To facilitate further the identification of the 
acids the first five 10-cc. fractions and the last five 10-cc. fractions 
of the distillate after titration were combined and redistilled. 
After the acid solution was fractionally distilled for the second 
time positive color tests on the separated portions of distillate 
were obtained for valeric, butyric and acetic acid. 
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4. Gravimetric determinations. Additional information con- 
cerning the identity of the volatile acids was secured by preparing 
their sodium salts. After titrating the volatile acids the salts 
were dried and weighed. The weight of the sodium which 
neutralized the acids was easily computed. This amount of 
sodium was calculated as if it were in combination with the 
various volatile acid radicals which the preceding distillations 
indicated to be present in the culture. The weight of the theo- 


TABLE 12 
Volatile acid produced by B. botulinus in 10 day meat culture 





moon 


1 
1 
3 
: 


OF 
or 


Si FES) ges |ESE| 28 | FEE 
Be |K@><| geo | Kem] GES | Kas 
a. 2 6. | = o a 

10 ce 23.6 123.7 | 24.1) 13.9 _ 

20 ee 36.8) — 2.8 | 43.3 | 27.1 — 
30 ce 51.4 | 48.9 | 57.2 | 58.5) 38.4 | 39.5 

ees ee 40 cc....| 61.6 | 60.6 | 68.2 | 70.5} 48.5 50.8 
seid ie feaction of | MCe--+-| 71-0 | 70.1] 77.5 | 79.5] 58.0 | 60.7 
distillate 60 cc....| 78.3 | 78.1 | 84.0 | 86.5; 66.8 | 69.8 
70 ce .| 84.5 | 84.7 | 89.4 | 91.5 | 75.0 78.0 
80 ce....| 90.0 | 90.5 | 93.5 — | 83.9 | 85.6 

90 cc....| 95.2 | 95.5 | 97.0 - |9.2 | - 

100 ce... .|100.0 |100.0 |100.0 — 1100.0 | — 


Volatile acid as sodium salt—found, | 
grams..... ae istand lara _ 0.7375, — 0.3285 
Calculated as sodium salts in pro- | | 
portion found by titrations, | 
a re ee a eee 0.747 | 0.325 | 


* Duclaux tables. 


retical amount of volatile acid salt should agree with what is 
recovered by drying and weighing. This sodium in combination 
with volatile acid radicals in the proportion indicated by the 
titration figures should give a weight of salt corresponding to 
the amount actually found. 

An approximate idea of the nature of the acids present in a 
seven- or a ten-day-old beef heart mash culture of B. botulinus 
was obtained by comparing the figures of the steam distillate 
of 50 cc. with those indicated in the distillation curves of known 
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acids (chart 8). These data were controlled by the Duclaux 
method. The computations are presented in table 12. 

The data indicate that a mixture of valeric, butyric and acetic 
acid in the proportion of 3:7:2 was present in the cultures. 
Subsequent fractional distillation furnished conclusive evidence 
that the interpretation of the figures is correct. The weight of 
the calculated sodium salt agreed closely with the amount 
actually found. In 100 cc. of a ten-day-old culture there were 
present 80 ce. of N/10 butyric, 35 ce. of N/10 valerie and 
n/10 acetic acid. Determinations were also made on thirty- 
day-old cultures; the amount of the volatile acids had increased 
but no difference, either in the kind or in the proportion, of the 
acid were found. Schiible found only butyric acid in glucose- 
liver broth cultures of B. botulinus. This result is probably 
due to the methods employed by him, which were not sufficiently 
delicate to distinguish between the closely related members 
of the volatile acid series. 

Fixed acids. Determinations were made for fixed acids by 
extracting for seventy-two hours in a continuous liquid ether 
extractor 40 cc. of the acidified culture; after removing the 
ether, the watery extract of the acids was made up to 500 cc. 
and boiled over a direct flame to remove the volatile acids. The 
remaining 75 cc. were filtered, and washed and an aliquot portion 
was titrated with N/10 barium hydroxide. In a thirty-day 
culture 54.4 n/10 ec. of fixed acids were present. The barium 
salt solution was evaporated and dried, then converted into 
barium sulphate, dried and weighed. There was 0.23 gram 
which would be equivalent to 50.5 ec. N/10 lactic acid. This 
result suggests that the fixed acid in a B. botulinus beef heart 
culture is probably lactie acid. 


729% 
» 


ana CC, 


Experimental series 10 


The extensive work on the isolation and distribution of B. 
botulinus carried on in this laboratory offered an excellent op- 
portunity to secure a number of strains for biochemical study. 
While very different results from individual metabolism studies 
are to be found no comparisons have been made of the activity 
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of organisms obtained from different sources, grown and analyzed 
under identical conditions. 

The organisms isolated for less than a year before this chemical 
study was made and those which were tranplanted only during 
the course of their purification are designated as “‘new strains’’; 
those which were received from other laboratories and repeatedly 
purified by a number of passages are recorded as “‘old strains.’’ 

It seemed worth while to compare the growth activity of a 
number of the old laboratory strains with some of the recently 
isolated ones and also to compare the biochemical behavior of 
B. botulinus with that of a number of commonly studied 
anaerobes. 

Twenty-five strains of B. botulinus were used in these ex- 
periments. Their purity and virulences were repeatedly tested 
and will therefore not enter into the discussion. Two strains 
each of the vibrion septique, B. sporogenes, B. histolyticus and B. 
tetani were included in the series. 

The media chosen for this study were meat mash and milk. 
The first possesses a high biological value while the second 
offers an excellent opportunity for making visual comparisons. 
Van Ermengem’s organism failed to show any metabolic activity 
in milk, while Von Hibler reported that B. botulinus precipitated 
the casein of milk with subsequent peptonization. Such differ- 
ences of opinion concerning the behavior of B. botulinus on milk 
have persisted. The historical aspect of the subject is considered 
more in detail in connection with a subsequent experiment. 

Duplicate Blake bottles containing 150 cc. of beef heart 
medium or milk were inoculated with 0.5 cc. of twenty-four to 
thirty-six hour old cultures of the chosen organisms. Sterile 
rubber stoppers bearing bent glass tubes were placed over the 
cotton plugs and held in place by Imperial Cement. Anaerobiosis 
was secured by exhaustion. 

The cultures were incubated for relatively long intervals in 
order to secure striking differences in the chemical behavior of the 
organisms. The cultures were observed from time to time; 
growth was apparently regular in the duplicate meat flasks. 
The B. botulinus cultures, with the exception of strain 4, as well 
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as the B. sporogenes and B. tetani cultures after fifteen days of 
incubation reduced the meat particles so that they appeared as a 
dark colored pasty mass in the bottom of the bottles. Determi- 
nations were made on the fifteenth or nineteenth day and again 
on the thirtieth or sixtieth day. 

Ordinarily the milk became coagulated after thirty-six hours, 
though often it took several days. The soft curd was soon rent 
with gas bubbles which usually rose to the surface of the liquid, 
the whey gradually being squeezed out. In a few days the curd 
appeared as a hard lump either floating on the surface or at the 
bottom of the flask. A gradual disintegration then took place 
and in most cases by the fourteenth day only a small amount of 
solid material remained. Variations however were noticed; for 
example, strain 24 caused only a soft coagulation which seemed 
to melt away, while strain 32 gave rise to a granular curd. The 
milk used in this experiment was heated for three consecutive 
days in an Arnold sterilizer. Caramelization occurred in some 
of the bottles which probably accounted for the difference in the 
color of the whey and may have been partially responsible 
for the nature of the curd. 

Tetanus cultures caused no apparent change in the milk until 
the fourteenth day. The milk was however eventually digested; 
in thirty days the proteolytic activities had proceeded to the same 
degree as in the B. botulinus cultures. Vibrion septique caused 
the formation of a soft clot (eight days) but there was little 
evidence of further chemical activity. B. sporogenes and B. 
histolyticus both produced profound changes in the milk curd, 
similar to those observed in the majority of the B. botulinus 
cultures. 

The presentation of all the data from the chemical analyses 
would be a needless repetition. The results have therefore been 
averaged and are summarized in table 13. 

Nitrogen determinations on a number of different bottles of 
the meat medium indicated that in spite of the precautions which 
were taken the meat had not been accurately distributed (940 
to 825 mgm.). The average nitrogen content was 870 mgm. 
per 100 cc., a medium less rich than that which was used in the 
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preceding experiments. A part of the apparent growth varia- 
bility in the meat cultures (table 13) can be attributed to the 
composition of the medium. When averages were taken of the 
amounts of the amino acids, ammonia, and volatile acids present 
in the fourteen to eighteen-day-old meat cultures, it was noted 
that the ‘‘new strains’’ showed slightly greater chemical acitivity 
than the “old strains.”’ The variations were decidedly less 
in the milk. The averages indicate very little difference between 
the ‘‘old”’ and ‘‘new strains.” 

The analytical data of 5 strains of B. botulinus, selected at 
random, are compared with those of vibrion septique, B. sporo- 


TABLE 13 
Meat and milk cultures of B. botulinus 


» 
a VOLATILE ACID 
AGE OF cuL- | #5 es AMMONIA PRODUC-| PRODUCTION 
TURES as (avenaen TION (AVERAGE) (AVERAGE 
ap aGB) | w/10 acrp) 
Z 
mom mgm ce 
Meat: 
“Old strains” 14-18 days’ 14) 157.0 ( 94-272)) 104.2 ( 75-187)| 45.7 (25-85 


‘*New strains” 14-18 days) 7) 162.0 ( 96-200)! 128.4 ( 75-180)) 46.3 (31-83) 


Milk: 
“Old strains” 14-15 days! 6) 182.6 (145-228)! 135.2 (112-160)| 54.6 (43-70) 
*‘New strains’’.. | 10-12 days} 11) 146.2 ( 75-186)! 109.4 ( 39-172)| 42.2 (22-60) 
200.3 (181-231); 139.9 (101-175)| 51.0 (35-68 


‘‘New strains’’. 21 days, ¢ 
genes and B. tetani cultures. To facilitate the comparison the 
amino acid and ammonia formation are shown graphically 
in chart 9. 

Five per cent of the nitrogen of the medium was present as 
amino acids and ammonia. In the vibrion septique culture after 
18 days incubation a slight increase of the soluble nitrogen 
compounds occurred. Similar changes in meat media were ob- 
served by Wolf who found that after one-hundred two hours 
4.8 per cent of the total nitrogen was transformed into amino 
acid and ammonia. In these experiments the red color of the 
meat mash was intensified by the growth of the vibrion septique; 
the other organisms caused the meat particles of the medium to 
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become dark colored and disintegrated. The reaction of pH 
6.4 in the vibrion septique culture was further evidence of differ- 
ences in the chemical activity on the part of the organism. The 
B. sporogenes cultures were quite active and provoked slightly 
larger accumulations of amino acids and ammonia after an 
eighteen days incubation period than did B. botulinus. The 
pH was greater than 7.0. In the tetanus cultures the chemical 
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Cuart 9. Amino Acip AND AMMONIA PropvuctTion or B. BoTULINUS AND OTHER 
ANAEROBES ON Beer Heart Mepium 


changes developed slowly, but after prolonged incubation greater 
amounts of ammonia nitrogen were present than in any of the 
cultures thus far examined. 


Experimental series 11 


Th. Smith (1890) and recently Wolf (1922) called attention 
to the presence of muscle sugar in ordinary bouillon. Smith 
(1893), with the methods athis disposal, considered gas production 
by aerobes, and by obligate anaerobes a certain test for sugar 
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fermentation. Hall (1921) found considerable quantities of gas 
were produced by B. tetani, B. welchii and vibrion septique, 
but not by B. botulinus, B. sporogenes or B. bifermentans cul- 
tured in sugar-free broth in special marble-sealed sidearm fer- 
mentation tubes. For the preparation of sugar-free broth Ran- 
dall and Hall advise the use of B. welchii as a more vigorous 
sugar fermenter than B. coli or B. saccharolyte. Hall (1921) 
considered an increase in the H-ion concentration as the best 
indication of fermentation. In media containing less than an 
excess of fermentable carbohydrate proteolysis would supervene 
only after the exhaustion of the sugar, and the first signs of a 
reversal toward alkalinity could therefore be used as an indication 
of the point at which resterilization should be undertaken. 

Studies on the metabolism of B. welchii which have been made 
in this laboratory have failed to reveal any evidence of a sec- 
ondary acid reversion in reaction in either beef-infusion or 
double strength veal-infusion. All the available data indicate 
that a reversion in reaction in muscle free cultures of B. welchii 
is the best criterion of exhaustion of the sugar of the medium. 

One phase of the fermentation question which Smith (1893) 
dealing with B. diphtheriae appreciated, but which many later 
workers seem to have ignored, is the possible depletion of other 
constituents than glucose of the medium by preliminary fer- 
mentation with organisms such as B. coli, B. saccharolyte and 
B. welchii. 

No one who has worked with cultures of B. welchii can have 
failed to marvel at the profound changes which growth of the 
organism can produce. Aside from the very evident utilization 
of the fermentable carbohydrates, the colloidal consistency of 
the media after a few hours growth is suggestive evidence of 
biochemical changes at least as important, and perhaps even 
more fundamental, from the standpoint of the biologic value 
of the media for a second growth of bacteria. 

The difference in media depleting power of different species 
of organisms is well illustrated by Graham-Smith’s work. His 
results also show clearly the selective nutritional requirements 
of several organisms, regarding which he writes: 
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The growth of any of these organisms in the medium seems to remove 
most of the food for that species as well as a portion of the food sub- 
stance used by other species, since in no case was the growth of the 


added species nearly so considerable in extent as in its primary cultures, 


Preliminary to some studies on the glycolytic enzymes of B. 
botulinus it was deemed advisable to study the metabolism of 
the anaerobe in a medium which had been deprived of its carbo- 
hydrates by a preceding fermentation with B. welchii. Double 
strength veal-infusion—1 per cent Difco pepton, pH 7.2, was 
autoclaved at 115 pounds pressure for one-half hour. One-hal! 
of the lot was then distributed in 200 ec. Blake bottles in 100 ec. 
portions, and vaseline stratified. The second half was fermented 
with B. welchii for twenty-one hours,‘ autoclaved for one hour, 
filtered through paper, the reaction adjusted to pH 7.2, and 
distributed in the same manner as the first half. It should be 
noted that filtration did not entirely remove the B. welchii 
organisms. The bottles were incubated for forty-eight hours 
as a test for sterility and heated for twenty minutes in flowing 
steam just prior to inoculation. Each flask received 1 ce. of a 
spore suspension (B. botulinus strain 19) heated for one hour at 
80°C. The bottles were incubated at 37°C. and one of each 
series served for the determinations at the intervals listed in 
table 14. The initiation of growth was far from uniform in the 
different bottles, and those which appeared to have the most 
representative growth were chosen. It was the unanimous de- 
cision of the several workers concerned that the separate bottle 
method introduces a higher percentage of error than the single 
container method, involving the complicated sampling procedure 


‘It is deemed important to describe here briefly the nitrogenous metabolism 
which take place in a veal-infusion-pepton broth in the course of the B. welchii 
fermentation. The only biochemical change detected during the first fifteen 
hours of incubation is a slight increase in the H-ion concentration. By the 
twenty-first hour the organisms attacked the nitrogen fraction of the medium 
causing an increase of 13 mgm. of amino acid and 27.2 mgm. of ammonia nitrogen, 
while the reaction became slightly alkaline. In a beef heart peptic-digest 
medium the changes brought about by B. welchii at the end of eighteen hours 
incubation are even more striking. The amino acid content increased from 136.9 
to 188 mgm. and the ammonia from 17 mgm. to 57.8 mgm. per 100 cc. 
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previously described. 
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0 hours 
12 hours 
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The only advantage of the multiple 
bottle method, convenience excepted, is the avoidance of possible 


TABLE 14 
pepton 


VOLATILE 
acip n/10 


**A’? medium unfermented 


mgm mym 
63.6 22.0 6.8 
59.0 17.6 
68.0 16.5 7.8 
59.6 21.3 _ 
52.1 23.6 — 
58.9 33.6 — 
70.0 32.5 12.4 
61.1 35.8 — 
68.0 28.0 | _ 
72.0 43.7 13.6 
5 47.6 — 
118.0 47.0 16.6 
70.0 52.0 -- 
70.9 52.5 17.4 
63.0 57.7 20.6 


s 30.0 13.6 


0 27.2 _ 
0 27.2 14.8 
0 34.8 _ 
8 38.2 ~ 
8 33.5 - 
6 39.8 19.2 
l 41.5 - 
2 36.2 — 
6 57.8 24.6 
S 70.5 — 
9 69.0 26.2 
7 72.6 

2 50.9 32.8 
7 82.5 34.2 


welchii 


, , , , 
vin 19 on double strength veal infusion 
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6.9 
6.9 
6.9 
6.9 
6.9 
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6.9 
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CUBIC CENTI- 


METER 
30 
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Sears, who discarded separate bottles after a comparison of 
the two methods. 

Plate counts made immediately after inoculation, and after 
twelve and eighteen hours respectively, indicated relatively 
small inoculums, which offered a finer test of the biologie value 
of the two media. Proliferation was slow in both the fer- 
mented and unfermented media, and the loss in biologie value 
from the fermentation with B. welchii is very evident from the 
averages of plate counts. The greater growth in the unfer- 
mented bottles is also indicated by the greater depression of 
the pH than in the fermented bottles, which may of course be 
attributable to the stimulating presence of muscle sugar. 

The nitrogen content of the original veal-infusion was ex- 
tremely low, and is undoubtedly to be explained by the fact that 
“bob” veal was used in its preparation. The amino acid changes 
were relatively slight in both media, but in spite of the smaller 
number of organisms in the fermented medium ammonia accu- 
mulated in slightly greater amounts; this was true also of the 
volatile acids. While these chemical findings suggest some 
carbohydrate sparing action, it seems hardly possible to attribute 
all the higher biologic value of the unfermented medium to its 
sugar content. 


Experimental series 12 


Double strength veal-infusion 1 per cent Difco pepton was 
fermented with an active strain of B. welchii for twenty-one 
hours. The medium was heated, filtered, placed in 2-liter Erlen- 
meyer flasks and sterilized. To one flask was added enough 
50 per cent glucose to make a 2 per cent concentration, and to 
another in addition to the glucose enough sterile dibasic phosphate 
solution to make a 1 per cent concentration. The flasks were 
arranged in the 37°C. water bath, and anaerobiosis established, 
after which each received 20 cc. of a heated spore suspension 
of B. botulinus strain 19. 

Total nitrogen determinations revealed a nitrogen content of 
573 to 628 mgm. per 100 cc., an amount more than double that 
of the medium used for experimental series 11. The latter, as 












































0 000 00S ‘FLI ¢1 48° |62°9 | 21 9 th OFFI - SINOY QT 
0 : BIT) 7596 (00G'OLT 0 CZ 9122/1 9°0 0121 - Sinoy ZI 
0 UwiT) Y5001 006'T 0 OG E12 | 20 |2'61 \F ge Is'ez]) gee |e £2¢, sanoy GC 
9s00Nn|S Juss Jad z 4+ uojd MULIO | 
- t 
= 00099 0'C9 8 £6 0621 9LF O'GE9) sXup 2 
= O08 1ods %¢ : SMOpByYys 940 ‘406 000'E28 CIT 9 St 96 O'OZI! Est - SANOY OG 
- 06 . 000° 0S 19 GL SIT PES PIT SANOY PR 
3) 06 000‘ 00F ‘ET SL) 2'1 8S 6IL¢E III Oy ZL 
= 06 ~ 000 OSE ‘FR EEE STL) 2'1 € O11 Z 121 SANOY OO 
a 06 000 OCF ' 68 SIZ S81 PSL O'1ZI SINOY PC 
7 CZ salods %], : 4 WvITy “1 : UIBIT) “486 000 OO OS | £Et cL 8S 6OF GIS O'IZ1 O92 SANOY St 
< O6 soiods Yat 3 + tuBiry 94, : UIBIL) 9596 000° OO ‘22 Ch] 9g SINOY ZF 
a=} 06 000° 000° #22. £ Stl € SinoYy OF 
oo 06 000° 000 'Z&Z Ezt TL) IT jo 0¢ eo OCI sinoY OF 
& cL 4D PoC + WBE 288 000‘ 00C ‘6I1Z 297 | 60 8°22 0°61 SINOY $F 
- 0 r UIST) “OT : meIT) “506 |'000‘000'¢ OL Z1:8°0 9°C9 0 OFT SInOY gy 
em 0 meIT) 75001 \00C O21 9II l 09° OTE! 
td 0 WBIT) Y5001 |06z ‘1 0 €2'Z 0 002 F €e O POE 
. , . - I ui bu us Ou wi bw us Ba 
Hs 
7 uojded u ISNJUI-[VIA poyueulle] 
= © © z a=] 3 * > Zz 3 
= 85 sie] |SsFIi Ele] a] ]3 
_s a” Ss UILAWLLNGD 5 24 : ae Ki - = y 
ad > oe AONVUVAdAY D1dOIBONDIN i@ id - as " > : + , a Wd 
Sis BASIN VOU = - - 4 n 
~ = Zz 
$35 “ - z 
—Zn . 
a = 
> uojdad oafigg ju xd | r fur poaa yjbuaajs a Pp uo 4upnjod fo y) ) 
“ 
sl a'lavi 






Von 


Ss 


> 
» 


MEDIA 


IOUS 


. 


VAI 


BOTULINUS IN 


B. 


OF 


METABOLISM 





ued ) 


ulvdry 


) 


109 


ured) 
uIBdt) 


moot |4 


Ov 


PF 


OF 


OCT 
O00 
OCT 
OOO 
OOO 


000 
000° 
000 


OG 


OFT 
OOF Ol 


UU « 


Lrs'{ 


0cO'8 
Cle Ss 


006 L6 








oF F OLl 

ob C LIL bee O 
LOUIS 

OF O OSL Fehr 0 

O' FCL) Ft 

Or O Fol 

LY i¢ FSI 

rr ¢C Pcl 

Ht 





6E iL F9l 
OF S LPI 
PF iL POI 


9€ 9 SSI 


ch O OFT 











| tS 
| Lol 
bd iy 
SANOY HC 
SInOY Sf 
sunoy ZF 


sunoy o¢ 
SANOY YL 
sinoy JZ 
sunoy 'z 
SAHOO SX] 


sANOy ZI 


SAUDP / 





INOY 9G 
SunOY PR 
sunoy ZL 
s1nO0Y 09 
sinoy FC 
SINOY SF 
sinoy cr 
SINOY OF 
sinoy Oe 
SINOY FZ 











386 E. WAGNER, K. F. MEYER AND C. C. DOZIER 


has been noted, originated from “bob” veal. This striking dif- 
ference in nitrogen content of the two media serves to emphasize 
the desirability of a chemical analysis of culture media in bac- 
teriologic work. The difference in biologic value of the two media 
after fermentation with B. welchii is reflected in the plate counts, 
which show a ten-fold greater number of viable organisms in the 
medium richer in nitrogen as may be noted from tables 14 to 15. 
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Cuart 10. Tue Errect or Giucose oN GROWTH AND GELATINASE 


The 543 cc. of gas formed in the sugar-free medium could only 
have come from the metabolism of the protein molecules. Hall 
(1921) reported only “traces’”’ of gas formed by B. botulinus 
in sugar-free media. The discrepancy in results is probably 
not unrelated to the six-day fermentation of B. welchii to which 
the medium he used had been subjected. 

The most conspicuous effect produced by the addition of 2 
per cent glucose was on the death rate of the organisms. The 
medium without sugar not only supported a greater number of 
organisms at the height of growth, but the death rate was very 
much lower during the first three days of incubation. A graphic 
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representation of this loss of biologie value by the addition of the 
sugar is shown in chart 10. A comparison of the reaction of the 
two media shows that the sugar-free substratum remained at 
approximately the optimum reaction for B. botulinus, while the 
acid products of sugar fermentation caused an increase in acidity 
from pH 7.13 to 5.95, and this in a medium which had the not 
insignificant buffer index of 5.5. On the forty-eighth hour of in- 
cubation the sugar had spared the protein considerably, as shown 
by non-protein nitrogen determinations, but this sparing effect 
was less evident on the seventh day of incubation. A moderate 
sparing effect is also suggested by a greater accumulation of 
amino acids in the sugar-containing, and a greater accumulation 
of ammonia in the sugar-free media. The volume of gas, as was 
expected, was more than 7 times as large in the former case. 

The addition of phosphate increased the buffer index from 
5.5 to 10, and in consequence the reaction was depressed to pH 
6.29 instead of 5.95. The slightly greater quantity of gas was 
formed at a more rapid rate. There was no opportunity for 
plate counts, but a considerable increase in non-protein and 
ammonia nitrogen after the exhaustion of the same amount of 
sugar as in the phosphate-free medium, suggests the preserva- 
tion of more viable organisms. There was no lag or inhibition 
in gas production, such as Wolf (1920) found. In fact, the re- 
sults show a somewhat more rapid evolution of gas. 

The very similar amounts of volatile acids in the three media 
on the seventh day of incubation is evidence of their origin from 
sources other than carbohydrate. 

Effect of glucose on gelatinase production. The results recorded 
in table 15 and represented graphically in chart 10, are very clear 
cut with regard to the mooted question of gelatinase production 
by B. botulinus. Van Ermengem reported gelatin liquefaction 
by cultures of the Ellezelle strain of this organism. Kendall, 
Day and Walker (1922) do not find such liquefaction, a conclu- 
sion not confirmed by Hall (1922), Kahn and the British Medi- 
cal Research Committee (1919). The recently isolated Types 
A and B strains of B. botulinus making up the large collection in 
this laboratory consistently liquefy gelatin when grown in gelatin- 
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containing media. The technic employed in the experiments 
herein reported was essentially that used by Jordan (1906) and 
later by Kendall and Walker (1915). The cultures were centri- 
fuged for forty-five minutes at high speed and 1 ec. of the super- 
natant fluid was added to 9 ec. amounts of solidified carbol- 
gelatin. The seed tubes were incubated at 37°C. for forty- 
eight hours, and after a subsequent twenty-four hours of re- 
frigeration at 8°C. readings were made on a basis of percentage 
liquefaction. 

The appearance of a gelatin liquefying enzyme could not be 
demonstrated in either culture until after the eighteenth hour, 
although considerable growth had occurred in both by that time. 
The gelatinolytic potency of the sugar-containing culture was 
from a third to a half less than that of the sugar-free one and 
by the seventy-second hour of incubation the liquefying power 
of the former had disappeared, while that of the latter was still 
at its height. At the end of ninety-six hours there was demon- 
strable only a slight loss of potency in the sugar-free culture. 
There is no evidence of the relation of reaction of the sugar-con- 
taining medium to the loss of gelatinolytic potency, which is 
in harmony with the conclusion of Jordan (1921). 

The greater gelatinase production by B. botulinus in the sugar- 
free medium, is in harmony with the results of Fermi, Schmailo- 
witsch, Matzuschita, Kendall and Walker, and Jones (1916, 
1920), who found proteolytic enzymes in greatest quantity in 
protein media free from sugar. The results do not harmonize 
however with those of the last two workers in that they found 
the presence of utilizable sugar entirely prevented the appearance 
of proteolytic enzymes. Jordan did not find this to be true, 
however, and Blane has published curves showing that the pres- 
ence of glucose accelerated the appearance of a gelatinolytic 
enzyme in B. histolyticus cultures, and did not prevent its appear- 
ance in cultures of B. sporogenes. While the figures listed in 
table 15 reveal a greater gelatinase production by the sugar- 
free culture of B. botulinus, it should be kept in mind that plate 
counts also revealed a much lower level of growth in that medium, 
and it may well be that the gelatinolytic potency of the two 
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cultures is correlated closely with the amounts of growth the 
media supported. 

The loss of biologic value after the addition of glucose is in 
striking contrast to the results reported for such an addition to 
equal parts of veal-infusion and peptic-digest (Dozier, Wagner 
and Meyer). The increase in the biologie value of the latter 
was clearly indicated by the larger number of organisms at the 
height of growth and also by the maintenance of a higher level 
for a longer time. This medium was 30 per cent richer in amino 
nitrogen while the total nitrogen was only about 10 per cent 
higher, making it probable that the form of the nitrogen had more 
influence in causing these differences in growth than did the total 
nitrogen content. ‘The unfermented veal of the earlier experi- 
ment undoubtedly contributed a small amount of sugar, and pos- 
sibly other substances, which stimulated growth. A comparison 
of the initial buffer indices of the media used in the two experi- 
ments is of interest. The veal-infusion peptic-digest carried an 
inherent buffer index of 11.7, in contrast to the 5.5, of the veal- 
infusion 1 per cent pepton, and undoubtedly added a quota to 
the higher biologic value of the former. 


Experime ntal series 13 


Visual observations of milk cultures of bacteria are of some 
interest in that the pictures presented may give a clue to the 
chemical changes occurring. The macroscopic appearance of 
milk cultures of B. botulinus has been noted and described by 
numerous workers. Such observations, however, have, in but 
few cases, been accompanied by chemical studies confirming 
the hypotheses advanced as to the probable course of metabolism. 
The detailed analyses reported by Kendall, Day and Walker 
(1922) are a notable exception; their results offer evidence of a 
relatively slight metabolic activity by B. botulinus on this 
medium. 

Van Ermengem’s Ellezelle strain of B. botulinus failed in its 
discoverer’s hands to exhibit any signs of metabolic activity in 
milk. V. Hibler (p. 99), on the contrary, found precipitation 
of casein with subsequent peptonization in cultures of that strain 
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as well as in those of two others. The British Medical Committee 
(1919) record the lack of any action on milk. Kendall, Day and 
Walker (1922) failed to note coagulation of the casein in any of 
their cultures. Thom, Edmondson and Giltner report a ‘fine 
coagulum, with peptonization beginning about the fifth day of 
incubation.”” It should be noted, too, that they report a slight 
reddening of litmus milk, with subsequent decolorization. Ship- 
pen found acidification and peptonization of milk. Nevin found 
milk coagulated in three days, as did Armstrong, Story and Scott 
who report decolorization of litmus milk cultures in two to three 
days, followed later by peptonization. Kahn found a firm co- 
agulum which was subsequently almost completely digested, but 
he failed to observe gas in his cultures, while Hall (1922) reports 
slow coagulation followed by digestion and gas production. 
These conflicting statements are reflected in recent text-books. 

Eighteen hundred cubic centimeters of fresh certified milk, 
with cream removed, were placed in Erlenmeyer flasks and on 
three successive days heated quickly in a boiling water bath and 
held at 95° to 100°C. for thirty minutes in an Arnold sterilizer. 
This procedure was adopted in order to preserve so far as possible 
the original chemical composition of the milk constituents. 
Heinemann (p. 131) advises that milk sugar begins to decompose 
at 120°C., liberating acids. Clark (1915) autoclaved milk for 
fifteen minutes and found a distinct increase in acidity, while 
prolonging the heating to thirty minutes caused reactions as 
acid as pH 6.13. The reaction of the milk, sterilized as just de- 
scribed was pH 6.6, which is in harmony with the reactions found 
in fresh milk by various investigators. Van Slyke and Baker 
tested 300 samples of freshly drawn milk and found over 80 per 
cent of this number had a H-ion concentration between pH 6.5 
and 6.8, inclusive. The color of the milk was not altered, which 
is additional proof of freedom from caramelization. The effect 
of heat of sterilization upon the integrity of the nitrogenous 
constituents of milk is largely problematical. The amino acid 
content of sterilized milk has been found in this laboratory to 
be considerably higher than the 2.6 to 7.3 mgm. per 100 cc. re- 
ported by Denis and Minot for unheated market milk. Their 
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figures approximate -those which Wolf and Harris (1917) ascribe 
to milk sterilized in the autoclave. On the other hand Kendall, 
Day and Walker (1922), Bushnell and Spitzer and Weeter re- 
port higher figures, which more nearly approach those found in 
this study. 

The sterilized milk was seeded with spores, inoculations of 
5 ec. from heated meat cultures of B. botulinus strains 38 and 
97, Type A. Subsequent observations had shown that the growth 
processes of B. botulinus on milk were slow in comparison with 
those on meat media, and in order to detect, if possible, the ini- 
tiation of chemical changes, the physical appearance of the me- 
dia was carefully watched particularly during the early hours 
of incubation. At the end of thirty-six hours the milk appeared 
unaltered; after sixty hours of incubation clotting and considera- 
ble syneresis had occurred; the whey of strain 38 appeared green- 
ish-vellow and that of strain 97 golden-yellow. At the end of 
one hundred eight hours the colorations were much the same: 
and on the seventh day the curds were markedly digested. At 
the end of thirty-six hours the viable organisms in the culture of 
strain 38 had increased from 1780 to 33,250,000 per cubic centi- 
meter. This marked proliferation was not predictable by odor 
or general appearance. Practically the same behavior was noted 
for strain 97. 

While the chemical changes® during the first thirty-six hours 
do not seem significant, both cultures show a loss in amino acid 
nitrogen, accompanied by slight increases in the ammonia nitro- 
gen, which is evidence of protein synthesis. The results as to 
volatile acid, titratable acid and gas determination are in har- 
mony, while the reaction of strain 38 had changed from pH 
6.6 to 6.2. Strain 97 exhibited a slight increase in acidity. 

Eighty-fourth hour determinations included estimation of non- 
protein nitrogen, which show much greater proteolytic activity 


’ The methods of chemical analysis differed from those previously described 
in that determinations for ammonia, amino acid, volatile acid and sugar were 
all made on protein-free filtrates. Caustic NaOH was used for the subsequent 
ammonia determinations. The greater efficiency of this reagent was discussed 
by Wagner, Doxier and Meyer 
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in both cultures, than would be predictable by either amino acid 
or ammonia nitrogen increases, or even the sums of the two. By 
the end of seven days over 70 per cent of the nitrogen of the milk 
had been reduced to non-protein form. The ammonia and amino 
acid nitrogen increased consistently until at the end of twelve 
days incubation, 57 per cent and 63 per cent, respectively, of 
the total nitrogen of cultures 38 and 97 being converted into 
TABLE 16 
Growth of B. botulinus in sterile milk 


NON- VOLA-~ |TITRAT 
4 M- ORGANISMS PER 
TIME TOTAL PRO AMINO MIN TILE ABLI oH AR GAS PER CUB EN 
T : INO sUG UBIC ¢ - 
N TEIN N ACID ACID J LITER 
- N TIMETER 
n/10 n/l 


B. botulinus strain 38 


mgm.| mgm.| mgm. | mgm ec ec ~~ per cent 
0 hours | 567 | 42.0) 31.2} 8.8 3.0 1.4 6.6 +. 69 0 1,780 
36 hours -- _ 21.3) 15.6, 6.2 2.2 6.2 4.55 123 33, 250,000 
60 hours - — | 25.0) 23.8) 8.2 3.4 6.0 4.55 249 14, 200 ,000 
84 hours — |252.0) 54.1) 42.0) 13.6 4.0 6.0 4.55 682 17 , 300 ,000 
96 hours — —_ _ - -- _ —_ — 874 — 
108 hours - - 84.4; 82.8) 21.4 4.6 6.0 4.66 _ 65,000 ,000 
132 hours — — _ — - — _ 1120 
7 davs — |406.0)122.6)129.9) 39.6 5.0 6.2 4.80 | 1120 $2,500,000 
12 days —_ ~ 157.5.162.5 50.0 5.6 | 6.62E — = 
B botulinus, strain 97 

0 hours | 567 | 42.0) 31.2) 8.8 3.0 1.4 | 6.6 4.69 0 

12 hours . = - - . - - - 132,000 
36 hours -- — 12.8) 14.3) 3.2 1.6 | 6.6 4.69 68 30 , 250,000 
60 hours - - 23.0) 15.6) 10.4 3.7 | 6.0 4.57 162 39,000 .000 
84 hours - 273.0 58.0) 75.0 19.8 4.2 | 6.0 4.57 392 | 142,000,000 
96 hours . _ - — - - - — 543 
108 hours - - 80.2)111.5) 27.4 4.5 | 6.2 4.66 616 89 000,000 
132 hours > — . — —_ _ — = 940 - 

7 days — 406.0108.5150.5 40.8 $8} 6.4 4.80 | 1020 | 46,500,000 
12 days — — |186.0172.0 48.0 5.2 


788i - | « . 


such products. The amounts of volatile and titratable acids 
show a steady increase, as do those for gas production. The 
reaction curves for the two organisms are quite similar, showing 
first an increase in acidity from pH 6.6 to 6.0, and then a gradual 
decrease until neutrality was reached by strain 97 on the twelfth 
day, while strain 38 had reached a pH of 6.62 at the same time. 
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Plate counts show a slow growth until on the one hundred 
eighth hour strain 38 had a maximum of 65,000,000, and on the 
eighty-fourth hour strain 97, 142,000,000 viable organisms per 
cubic centimeter. The counts on the thirty-sixth hour in each 
case indicate a greater proliferation than might have been antici- 
pated from the chemical determinations. The death rate of the 
organisms was comparatively slow. In this connection it may 
be mentioned that the toxicity of the milk culture of strain 38 
has shown a comparatively slow accumulation of poison. 

Sugar consumplion. The production of acid by B. botulinus 
during the first stages of growth on milk has been noted consis- 
tently in this laboratory, and the figures in table 16 reveal a 
drop in pH in both flasks from pH 6.6 to 6.0. The origin of the 
acid presents an interesting problem. Conflicting reports on 
the ability of B. botulinus to utilize lactose will be summarized 
by Meyer and Oman. They failed to secure lactose fermenta- 
tion in test cultures. 

Elser and Huntoon found differences in the lactose utiliza- 
tion by meningococci dependent on the method of sterilization, 
and more recently Wolf (1921) has suggested that when lactose 
is sterilized in combination with bouillon it is quite possible that 
a molecular rearrangement may result enabling certain organisms 
to utilize the milk sugar molecule. 

Theobald Smith (1898) from bacteriological evidence, attrib- 
uted the initial acidity of the Colon-typhoid-dysentery group 
of bacteria to the fermentation of a glucose-like substance present 
in milk to the amount of about 0.1 per cent. Jones, in 1914, 
concluded, “Bacteriological and chemical evidence : 
indicates that milk normally contains a substance which reacts 
like dextrose.”” These conclusions have been accepted by Hall 
(1921), by Kendall (1923), and by Hiss, Zinsser and Russel 
(p. 646). However, Raudnitz, in 1909, stated his conviction 
that lactose is the only carbohydrate in milk. 

Hall (1921) has suggested the probability of slow hydrolysis 
of lactose in the presence of ammonia produced by putrefac- 
tive anaerobes until there is ““ . . . . the almost complete 
destruction of the high lactose content of the milk,’ but this 
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is a hypothesis for which we have no supporting evidence so 
far as it concerns either B. botulinus or B. tetani cultures. Men- 
tion may be made of reactions as acid as pH 6.0, which have been 
found in 12 day milk cultures of B. tetani by one of the authors 
(E. W.). This is as great an increase in free H-ions by a non- 
glucose fermenting organism as has been found for the glucose- 
fermenting B. botulinus. Successive sugar determinations, as 
listed in table 16, show a constant level of reducing substances in 
the B. botulinus cultures. The slight variations may well lie 
within the limits of experimental error. The possibility that the 
lactose molecules were slowly hydrolyzing to glucose and galac- 
tose, and that the former were immediately destroyed by the 
botulinus bacilli must be considered. The galactose molecules 
would exert the same reducing power as the intact lactose, and 
the net result would be the same as that given in table 16. This 
hypothesis is not supported, however, by the comparatively 
slow evolution of gas. In an effort to throw light upon this 
very complex question the following experiment was undertaken. 


Experimental series 14 


Milk of the same grade as that previously used was sterilized 
in an autoclave at 115 pounds pressure for forty-five minutes. 
The color suggested slight caramelization, which the pH of 
6.4 confirms. To one flask enough sterile 50 per cent glucose 
solution was added to make a concentration of 1.25 per cent. 
An equal amount of physiological saline was added to the other 
flask. Strain 38 was inoculated into the flasks, and both were 
incubated and sampled under identical conditions. 

Initial analyses revealed a lactose content of 4.14 per cent. 
Unsuccessful attempts were made to hydrolyze all of the lac- 
tose to hexoses as soon as samples were removed. Had these 
been successful subsequent determination of the reducing power 
would have given adequate information to answer the question 
involved; namely, is any of the milk sugar utilized by B. botu- 
linus? The experiment, however, furnished considerable cir- 
cumstantial evidence that no part of the lactose molecule is 
metabolized during the growth of B. botulinus. The flask con- 
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taining the added glucose yielded nearly nine times as much gas 
as the sugar-free culture on the one hundred fourteenth hour of 
incubation. This culture became progressively more acid until 
a pH of 5.50 was reached in contrast to the pH of 6.18 reached 
in the plain milk. The ammonia curves of the two media furnish 
corroborative data: 54.4 mgm. of ammonia nitrogen per 100 ce. 
TABLE 17 
B. botulinus on milk with and without added glucose 


VOLATILE pH GAS PER 


TIME amino N ammonta N CTOs , , 
. * AcIp n/10 Lacross - on LITER 


B. botulinus, strain 38 





mgm mgm ce “——” per cent per cent 
0 hours 32.0 3.4 4.0 6.4 4.14 1.25 0 
18 hours | 38.0 -- — 6.34 -- . 138 
42 hours | 41.0 15.3 12.0 — -- 171 
54 hours - — _ — — 494 
78 hours 70.5 - — — 1820 
90 hours -- -- 19.8 5.75 - - 2023 
114 hours - — - _ - 2510 
162 hours 135.0 45.9 29.2 5.58 - . 2750 
10 days 171.0 54.4 41.0 5.5 - _ 
B. botulinus, strain 38 

Ohours | 30.0 3.4 4.0 6.4 4.14 0 
18 hours 37.5 - — 6.38 - 10 
42hours | 34.6 | M44 6.4 - — 34 
54 hours - _ — _ — 

78 hours | _ -- - 44 
9 hours | 32.8 15.5 7.3 6.25 - 117 
114 hours | ~ - - - -- 282 
162 hours 120.0 95.2 28.8 6.18 — 466° 


10 days | 178.0 110.5 40.0 6.18 - - 


* Gas lost in the measuring cylinder. 


of medium had accumulated in the culture containing the added 
glucose compared with 110.5 mgm. per 100 cc. in the plain milk 
culture, showing the protein-sparing action furnished by utiliz- 
able carbohydrates. 

Enzymes in milk cultures. The conflicting opinions in the 
literature regarding the coagulating and casein digesting abilities 
of B. botulinus have been mentioned. In this laboratory B. 











396 E. WAGNER, K. F. MEYER AND C. C. DOZIER 


botulinus has consistently coagulated the casein of milk, and slow 
digestion has followed. Further experimental proof of coagulat- 
ing power was secured by tests for a coagulating enzyme. One 
cubic centimeter amounts of sterile filtrates from the milk cul- 
tures of strains 38 and 97 were introduced into 9 cc. of sterile 
milk and incubated at 37°C. Readings after twenty-four hours 
revealed clotting in every case. 

Casein digesting powers of B. botulinus were tested by the use 
of milk plates, after the method of Eijkman. About 10 per cent 
of sterile milk was added to glucose-liver agar, inoculated with 
B. botulinus, poured into plates and incubated at 37°C. for forty- 
eight hours in the anaerobic jars used for blood agar plates. 
Clear areas surrounding each colony attested to the presence of 
a casein-splitting enzyme. Streak cultures on milk plates were 
always characterized by a digested area on either side of the line 
of growth. 

A third test for enzyme action was performed by filtering a 
sample of the milk culture of strain 38 and adding 1 cc. of the 
sterile filtrate to 2 per cent Difco and Witte’s pepton solution, 
which by the usual determinations were shown to have 64 and 
30 mgm. respectively of amino nitrogen per 100 cc. These were 
incubated at 37°C. for thirty-six hours and the analyses repeated. 
The amino acid nitrogen contents increased to 85.2 and 72.4 
mgm. per 100 ce., respectively, revealing a very definite hydrolyz- 
ing capacity on the part of such sterile filtrates. 

It should be recalled that the presence of a gelatinase in B. 
botulinus cultures has previously been demonstrated. 


Experimental series 15 


Growth of B. botulinus and B. tetani on casein digest. Casein 
digest was prepared by the method of Cole and Onslow from com- 
mercial casein. Total nitrogen determinations on the digested 
mass after filtration were made and a solution having a nitrogen 
concentration comparable to that of the fresh milk used in the 
previous experiments was prepared by the aid of such data. A 
picture of the approximate stage of digestion of the protein may 
be obtained by reference to the initial figures for total, non-pro- 
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TABLE 18 
Growth of B. botulinus and B. tetar n casein digest 
z : : : 
TIME Z. = 4, - - es < : o% = ; : —y 
ele) Gg] sj ae} es) e8) 2 | gs —" 
_ 7 < < - ~ 7 a ~ 
B ftulinus, strain 38 
mgm mgm mgm mgm ¢ I 
0 hours | 591 539 220 36 6.0 £3 i.8 | 7.28 0 S87 000 
12 hours -- 220 36 2.2 7.28 54 247.000 
24 hours 231 5S 9.0 3.3 7.25 SO 9 100.000 
36 hours - 212 132 | 43.6 3.4 7.41 | 137 81,500,000 
48 hours 591 574 100 157 | 58.8 LS 7 S11) 61S87.000.000 
60 hours 193 172 | 66.0 1.4 19. 7.2 115 74,000,000 
72 hours 196 174 68.0 3.3 7.2 561 10. 000.000 
96 hours 607 598 196 176 «68.0 1.6 7.33 94 000 OO 
10 days - 205 182 | 80.0 13] 23.81 7.4 
30 days _ IsO «196 72.0) 1.3 33.8) 6.8 
B. botulinus, strain 97 
0 hours 591 539 220 36 6.0 2.1 $.8 |) 7.25 0 125,000 
12 hours 232 53 9.2 2.4 7.2 44 28 900.000 
24 hours 218 27 | 45.4 1 7.53* 259 322.500.000 
36 hours - L100 160) 68.6 iS 7.4 167 219,250,000 
48 hours 591 574 16S 195 91.6 2.0 Toa 630 144.500.0000 
60 hours - IS] 205 94.0 1.4| 22.8 | 7.04 | 733 | 21.700.000 
72 hours 182 208 «694.0 3.3 6.98 23. 725.000 
96 hours 585 574 193 212 2.1 6.8 8. 475,000 
10 days - 183 233 110.0 1.4 | 28.4) 7.2 
30 days _ - 158 260 108.0 1.4 6.6 
B. tetani V. T. 8 
0 hours 588 511 220 36 6.0 2.1 4.8 | 7.25 14,850 
12hours| — - 214 36 2.2 7.25 20 , 50 
24 hours — - 221 36 
36 hours ~ — 221 156,000 
68 hours — - - - - 
40 hours _— — 23. 700.000 
72 hours - - 216 i8 (10.8 2.8 7.05 
96 hours 581 546 199 104 43.0 23 : 6.9t 104 500.000 
7 days - _ - -- 14.8 
10 days — — 183 140 | 69.2 1.2 
20 days - _ 183 158 69.0 _ 7.07 


* Determinations made after holding in ice box 36 hours 
t Determinations made colorimetrically 
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tein, amino acid and ammonia nitrogens listed in table 18. Of 
the 591 mgm. of nitrogen per 100 cc. of the finished medium 539 
mgm., or 91 per cent, were resident in non-protein molecules, 
and half of this was found in the amino acid and amonia fractions. 
As would be expected from these tests, the medium was not found 
to be “biuret free.”’ 

Plate counts furnish evidence of the greater biologic value 
of this medium than had been shown for milk, a property which 
in large part may reasonably be ascribed to its easily available 
nitrogen. The possibility that the lack of such nutrients may 
account for what some workers believe to be the germicidal 
action of fresh milk has occurred to the writers. 

Strain 97 grew more vigorously than strain 38. The data con- 
tained in table 16 support this contention. The smaller amounts 
of gas recorded for the casein digest medium are more apparent 
than real. Growth processes were initiated much earlier in the 
former case and as a result sampling was much heavier during the 
first days, which resulted in an increased gas space. ‘This les- 
sened the length of the interim during which accurate measure- 
ments of gas could be made. 

Buffer index determinations were made just after inoculation 
and at the end of ninety-six hours. During this time the buffer 
capacity had increased from 5.4 to 8.1 and 9.1, respectively, for 
strains 38 and 97. The pH of the former culture had remained 
quite stationary, while that of the latter had decreased from 
7.25 to 6.8 in spite of the greater buffer capacity which had devel- 
oped. This is additional evidence of the greater vigor of strain 97. 

Attention may be called to the definitely larger amounts of 
titratable acid which developed in the milk than in the casein 
digest cultures; and to their steady increase in the former in 
contrast to the rise and fall of such products in the latter. No 
attempt is made at this time to explain these findings. 

Comparison of the metabolism of B. botulinus with B. tetani. 
The growth curves of the two cultures of B. botulinus and of B. 
tetani are shown graphically in chart 11. There was a very much 
longer latent period in the latter, but as high a level of growth was 
finally attained as is shown for either of the strains of B. botulinus. 
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The buffer index changed from 5.4 to 8.3, which is more of a 
change than strain 38 produced and less than that which occurred 
in the culture of strain 97. This, of course, suggests that the 
hydrolytic power of B. tetani is less than that of strain 97 and 
greater than that of strain 38. The height of amino acid accu- 
mulation was not very different from that shown by the B. 
botulinus cultures. The ammonia nitrogen accumulation was 
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not so great, nor was there as great an increase in volatile acid 
as that produced by strain 97, but it reached about the same 
level as that of strain 38. The pH of the tetanus culture changed 
from 7.25 to 6.9 and even on the twentieth day of incubation had 
reverted to 7.0 only. 

As a whole the results are not out of harmony with the previous 
conclusion that B. tetani is as proteolytic as B. botulinus (Wagner, 
Dozier and Meyer), although the nature of the medium is not 
such as to allow a sweeping conclusion. 

The increase in H-ion concentration again presents the phenom- 
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enon which was discussed in connection with a decrease in pH 
and the lack of any other evidence of sugar fermentation by 
B. botulinus in milk and casein digest cultures. In this case, 
however, not only may the medium be assumed to be sugar- 
free, but there is the added assurance that no fermentation has 
occurred which the well-known lack of any carbohydrophilie 
tendency on the part of B. tetani confirms. 

Nature of the acids formed by B. botulinus and B. tetani in milk 
and in casein digest. The volatile acids in seven- and ten-day 
milk and casein digest cultures, respectively, were extracted and 
identified. Details for the milk cultures are omitted. Valeric, 
butyric and acetic acids in the proportion of 4:1:5 were identified 
in the milk culture of strain 38, and in the proportion of 5:3:4 
for strain 97. The data for the casein digest cultures are listed 
in table 4. They indicate that a mixture of valeric, butyric 
and acetic acids was present in the approximate proportion of 
2:1:2 and 2:1:3 in the cultures of B. botulinus strains 38 and 97, 
respectively, while in the B. tetani culture butyric and acetic 
acids were present in the ratio of 3:5. These results, as a whole, 
agree fully with those reported in previous experimental series, 
and emphasize again the difference in the nature of the volatile 
acids formed by B. botulinus and B. tetani, or in other words, 
the specificity of the metabolism of the two species of organisms. 
The comparatively large amounts of such acids in the casein 
digest medium, undoubtedly sugar-free, are additional proof 
that the volatile acids have their origin in protein decomposition 
products. It seems reasonable to the writers to credit at least 
a large part of the increase in H-ion concentration recorded for 
the milk and casein digest cultures to the volatile acid accumu- 
lations. There is also a definite increase, as may be noted from 
table 18, in fixed acids, which curiously enough, were identified 
in both cultures as lactic acid, and one is reminded of the usual 
graphic representations of the inter-relations between carbo- 
hydrate and protein metabolism which show the path to be 
through lactic acid. 
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DISCUSSION 


The investigations detailed in the preceding paragraphs have 
revealed a number of facts, which deserve some discussion. In 
order to make the study as comprehensive as possible the chemical 
activities of B. botulinus have been studied in a number of media. 
These data permit more readily of general conclusions than do 
those, which were secured by Kendall, Schiibel and others on a 
few selected and probably unsuitable media. 

B. botulinus is not particularly exacting in its food needs. 
Preliminary experiments have indicated that the organism will 
grow under anaerobic conditions in liver, brain, serum, bean, 
olive, corn, meat-mash, pepton, milk and digest media. In 
bean and olive infusions however the growth and the chemical 
changes were not sufficiently striking to make them satisfactory 
substrata for a biochemical study. 

B. botulinus Type A and B produce gas in any medium which 
supports good growth just as B. sporogenes does (Wolf and 
Harris). The accumulation of gas is greatly increased by the 
addition of glucose to the substratum. In poorly buffered media 
this fermentation produces an acid reaction, which in some 
cultures may inhibit the growth and even the toxin production. 
However the carbohydrate metabolism is not concerned in the 
production of the volatile acids, which are mainly composed of 
butyric, valeric and acetic acids. The organism is strongly 
proteolytic in absence of oxygen. 

The toxin production is apparently intimately connected with 
the enzymatic activity which develops in the culture. The 
nature of the enzymes is still under investigation. Studies con- 
ducted by Mrs. Forster have shown that secondary and 
tertiary proteases (Bradley and Dernby) are probably responsible 
for the nitrogen breakdown in the cultures. Furthermore it is 
established that the ferments are only mobilized when needed. 
For example no gelatinase was demonstrable in a spinach infusion 
culture. No separation of the products resulting from enzyme 
action and bacterial growth can be made; however, ammonia, 
volatile acids and gaseous products have not been detected as 
a result of enzyme action. 
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These observations immediately suggest the question, what are 
the underlying chemical or enzymatic reactions responsible for 
the production of the botulinus toxin and what is the chemical 
composition of the poison in the light of our present knowledge. 
One enters here into the field of hypothesis. It is needless to 
emphasize that the views which are presented serve merely as a 
guide for studies already in progress. 

The recent work of Landsteiner and Lamp! leaves little doubt 
that the antigenic properties of toxins are attributable to specific, 
relatively simple protein compounds. It is reasonable to assume 
that the botulinus toxin is either an intermediary protein decom- 
position product or it is intimately connected with such a sub- 
stance. According to Bronfenbrenner it is a mono-valent, nega- 
tively charged ion. Schiibel reports on the diffusion of the toxin 
through parchment paper and collodion membranes. In one 
experiment the dialysate failed to give a biuret reaction. These 
observations have not as yet been confirmed; in fact Coleman 
concludes from some experiments with collodion sacs in the 
peritoneal cavity of guinea-pigs that the toxin is non-diffusible. 
Observations reported by Schiibel and confirmed in this labo- 
ratory lend little support to the hypothesis that the botulinus 
toxin is either a lipoid or specific fat complex in the sense of 
Warden, Connell and Holly. 

Regarding the mechanism of the toxin production two pos- 
sibilities must be considered. The toxin is either of endogenous 
or of exogenous origin. In discussing the possibility of an 
endogenous source a number of facts and interpretations merit 
attention: 

a. The toxin may be a normal excretory product comparable 
with the urea of vertebrates. The fact that growth and toxin 
formation rarely run parallel does not support this hypothesis. 
Excellent growth is not always followed by a potent toxin 
production. 

b. The toxin may be an abnormal product of bacterial metabo- 
lism, which is only formed provided the organisms have available 
certain amino acids or growth accessory substances. Numerous 
observations lend some support to this contention. As far as 
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published and unpublished records permit of conclusions it is 
evident that B. botulinus cannot multiply in synthetic media. 
However, very dilute solutions of lower protein degradation 
products encourage the production of toxin. In fact a biuret 
free aminoids solution yields a stronger toxin than a pepton 
medium which is rich in albumoses. Some experiments reported 
in this paper encourage the belief that the toxin is only formed 
in the presence of accessory factors. For example Berna pepton, 
incorporated in a veal-infusion furnishes a very strong toxin, 
while the pepton solution alone stimulates a moderate growth 
and little or no toxin. On the other hand it must always be 
remembered that toxin production can take place in any vegetable 
extract, provided the anaerobe can grow. 

c. The toxin may be set free through the autolysis of the 
bacteria. C. C. Dozier in this laboratory has enumerated a 
number of facts which indicate that the botulinus bacilli may 
serve as the matrix of the poison. Her observations have been 
verified but additional experiments are necessary to confirm her 
interpretations. 

The evidence substantiating the endogenous origin of the 
botulinus toxin is in many respects very suggestive, but the 
literature furnishes also a number of examples which favor the 
exogenous origin of the poison. Kendall considers the toxins of 
B. diphtheriae or B. tetani as by-products formed during the 
forced utilization of protein for energy. Dzierzgowski and 
Rekowski concluded that the toxin of the diphtheria bacillus 
was formed from proteoses or higher polypeptids of the medium. 

More recently two hypotheses, the ‘“‘protoxin theory” of 
Morgenroth and of Walbum and the ‘‘enzyme theory”’ of Dernby 
and Walbum dealing with the toxin of B. diphtheriae have 
attracted some attention. Walbum (1909) demonstrated that 
diphtheria toxin and staphylolysin were not formed within the 
bacteria themselves, but that there was a previous stage—a sort 
of atoxic protoxin. These studies have been carried further by 
Dernby and Walbum. An extract of a young diphtheria culture 
does not possess a very high toxicity. In one experiment it 
corresponded to 250 toxic units per cubic centimeter. If this 
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feebly toxic extract was mixed with a solution of Witte’s pepton 
and the mixture placed in the incubator, the toxicity increased 
in the course of twenty hours to more than 600 toxic units per 
cubic centimeter and then decreased again. A still stronger 
reaction was produced if, instead of the Witte’s pepton solution 
alone, the bacterial extract was mixed with ordinary pepton- 
bouillon, when the toxicity was seen to increase to 1000 units 
in the course of ten hours, and to fall rapidly afterwards. Similar 
experiments have not as yet been carried out with B. botulinus, 
but independent observations made by several workers indicate 
that the toxin of B. botulinus may behave similarly to that of 
B. diphtheriae. Every worker in this laboratory has made the 
observation that guinea-pigs or mice receiving an incubated 
mixture of a heterologous antitoxin (Type B) together with 
botulinus toxin (Type A) die more promptly than the controls 
receiving the toxin alone. Bronfenbrenner furthermore noted 
that if the toxin is diluted, not in salt solution or distilled water, 
but directly in normal horse serum or even in ordinary broth, 
its potency is increased as compared with that of the same toxin 
diluted in distilled water. In a recent paper Coleman reports 
on some experiments which have some bearing on this subject. 
A mixture of filtered botulinus toxin and normal guinea-pig 
leucocytes incubated for several hours greatly increased in toxic 
potency. These various observations made with the toxin of 
B. diphtheriae and B. botulinus lend considerable support to the 
hypothesis of Dernby and Walbum, who believe that the proteo- 
lytic enzymes of the bacilli are the main causative agents in the 
processes. This theory as applied to the diphtheria toxin is 
briefly as follows: The major portion of the toxin is formed, 
neither intracellularly nor set free from the dead, autolyzed 
bacteria, but originates from the proteoses of the culture medium. 
The diphtheria bacilli in undergoing autolysis liberate specific 
proteolytic enzymes, which split the proteoses and peptones 
of the medium and of the bacilli to lower degradation products. 
Some of the primary, intermediary split-products are the toxins. 
Inasmuch as the major portion of the proteoses is resident in the 
culture medium, it is reasonable to assume that the toxins have 
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an exogenous origin and the diphtheria toxin is a true exotoxin. 
In case the proteolytic degradation process continues the toxins 
are split and lose thereby their specific properties. 

Several facts already presented in the papers of Dozier, Wagner 
and others leave no doubt that the proteolytic enzymes are 
intimately connected with the toxin production of B. botulinus. 
However proteoses are probably not necessary for the process. 
Highly potent toxins are produced in biuret free media. More- 
over, the toxins once formed are fairly resistant against the 
action of proteolytic ferments such as pepsin and trypsin (Van 
Ermengem, Bronfenbrenner and Schlesinger). Furthermore the 
autogenous ferments of B. botulinus have apparently no effect 
on the toxin. In this respect the botulinus toxin differs funda- 
mentally from that of B. diphtheriae. 

The theory of Dernby and Walbum is very attractive and 
deserves consideration in future studies on the toxin production 
of B. botulinus. Unfortunately a number of conditions, as for 
example the influence of the H-ion concentration on the toxin pro- 
duction, and the toxicity of ground botulinus bacteria, have not 
as yet been investigated. However the data presented in this 
paper lend considerable weight to the views of Dernby and Wal- 
bum and confirm the view that the toxin production is intimately 
connected with the nitrogen metabolism and the proteolytic 
enzymes of the anaerobe. 


SUMMARY 


1. B. botulinus induces in a 2 per cent solution a slow evolution 
of gas, and a considerable accumulation of ammonia, amino and 
volatile acids with little change in the reaction of the medium. 
The addition of glucose influences the metabolic activity of the 
organism as indicated by a large and rapid evolution of gas, a 
slight ammonia production and the development of an acid 
reaction. 

2. The maximum chemical changes which take place in glucose 
Parke-Davis pepton cultures inoculated with vegetative cultures 
occur in the first forty-eight hours of incubation. The acidity 
is probably the most important growth limiting factor. In 
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plain pepton cultures the greatest chemical changes take place 
between the forty-eighth and ninety-sixth hours of incubation; 
the exhaustion of specific food substances is probably responsible 
for the cessation of growth. 

3. The presence of glucose in 2 per cent pepton cultures of 
B. botulinus Type B may inhibit the formation of a highly potent 
toxin. 

4. The addition of gelatin to a pepton solution increases the 
nutritional properties of the medium. It apparently does not 
increase the buffer value. 

5. The activity of B. botulinus in aminoids solution indicates 
that albumoses and proteoses are not necessary for either growth 
or toxin production. 

6. A comparative study of a number of commercial peptones 
has revealed variations in their nitrogen fractions. In watery 
solutions of most of the peptones the characteristic toxin is 
produced. Peptic-digest liver-broth meets all the requirements 
of a good bacteriological pepton and furnishes highly potent 
toxins. 

7. In beef heart cultures of both Types A and B very potent 
toxin may be present after eleven days of incubation. Toxin 
production is intimately connected with the proteolytic activity 
of the culture. 

8. B. botulinus grows in open flasks with a l-inch layer of 
meat; the exclusion of oxygen, however, favors the proteolytic 
activity of the organism. 

9. The volatile acid present in a ten-day-old meat culture has 
been identified as a mixture of valeric, butyric and acetic acid 
in the proportion of 3:7:2; as a rule volatile acids of higher 
molecular weight predominate. 

10. A comparative analysis of ‘‘old stock’’ and “recently 
isolated’’ cultures of B. botulinus in meat media and milk indicates 
that very slight differences exist in their metabolism. The 
biochemical activities of B. sporogenes and B. histolyticus are 
similar to those of B. botulinus. Vibrion septique causes only a 
slight degradation in the nitrogen constituents of the medium. 
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B. tetani grows slowly but produces, on prolonged incubation, 
profound chemical changes in meat media. 

11. Twenty-one hours fermentation of a medium of low ni- 
trogen content by B. welchii causes sufficient loss in biologie 
value to prevent a subsequent vigorous growth of B. botulinus. 
Evidence is presented which shows that fermentation of media 
by B. welchii for the removal of muscle sugar induces considerable 
nitrogenous changes. The growth-promoting properties of two 
lots of fermented double strength veal-infusion—1 per cent Difco 
pepton, as shown by plate counts, appear closely related to the 
amount of total nitrogen in the media. 

12. A greater number of viable organisms is usually present 
in sugar-free double strength veal-infusion—1 per cent Difco 
pepton than in the same medium with added glucose. This 
result is in contrast to that previously reported for a medium 
composed of equal parts of unfermented veal-infusion and peptic- 
digest. The gelatinolytic potency of the supernatant fluid from 
the glucose-containing culture is less than that of the sugar- 
free culture, but the latter also maintains a higher level of growth. 

13. A detailed study, including frequent and successive plate 
counts, chemical analyses and tests for enzymes, of milk cultures 
of two strains of B. botulinus, Type A, indicate that milk possesses 
only a moderate biologic value for B. botulinus. Milk cultures 
of B. botulinus contain a casein-coagulating, as well as a casein- 
digesting, enzyme. 

14. The addition of 1.25 per cent glucose to milk increases 
the gas production and the H-ion concentration, and decreases 
the production of ammonia; but has no effect upon either the 
accumulation of amino-acid nitrogen or volatile acids. 

15. A solution of casein digest having approximately the same 
total nitrogen content as milk possesses high biologic value for 
B. botulinus and B. tetani. The latent period of the B. tetani 
culture was much longer than that of either strain of B. botulinus. 
B. botulinus produces a larger quantity of volatile acids of higher 
molecular weight than B. tetani. 
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The object of the investigations upon which this paper is 
based, was to try to solve a problem of confectioners—the 
cracking of chocolate creams. 

We are here presenting a description of a saccharolytic anae- 
robe which we found to be uniformly present in the cracked 
chocolate creams; with an account of our experiments to deter- 
mine its rdle in the spoilage. 


ISOLATIONS AND IDENTIFICATION 


Of 24 samples of spoiled chocolate creams examined, 18 
showed the presence of gas-producing organisms. Four of these 
showed good gas production in the initial tubes, but the gas- 
producers were not isolated. From 1 sample C. bifermentans 
was isolated; from two, C. tertium; and from the remaining 11, 
a saccharolytic anaerobe which we think to be the C. multi- 
fermentans of Stoddard (1915). 

Where the gas-former was demonstrated but was afterwards 
lost, and where other gas-formers than C. multifermentans were 
isolated, there was every reason for believing, from morphology, 
stains and cultural characteristics, that it was present in the 
initial fermentation tubes, but was lost in the isolation process. 

This organism was also isolated three times from ‘‘mazetta 
cream,”’ a commercial preparation used by confectioners as a 

1 The author is indebted to Dr. Ivan C. Hall, with whose valuable council 


the work was executed, at the University of California, Berkeley, California, 
August to December, 1922 
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foundation for cream fillings; and three times from egg albumin, 
which is in turn the foundation for mazetta cream. (C. sporo- 
genes Was not met with at any time in our investigations. 

\ll of the isolations, of the supposed species of C. muttifer- 
mentans, from the candies, the egg albumin and the commercial 
eream, were cultured as a series. No differences were found 
ind they were decided to be of the same species and type 

We are classing this organism as C. multifermentans® only 
tentatively. Perhaps it should be considered as a special type 
of this species, since it does not ferment inulin. This difference 
however, may be due to technique. Stoddard (1919) does not 
give his method for making the fermentation tests. Our method 
was that of Hall (1922). Meat-infusion broth was rendered 
sugar-free by the action of the Welch bacillus, and the carbo- 
hydrate, in solution in distilled water, was sterilized separately 
ind added just before inoculation. 


MORPHOLOG\ 


‘The organisms isolated, which were evidently, as will be shown 
later, those responsible for the splitting of the chocolate coat of 
creum-filled candies, and which we are considering to be a 
strain of C. multifermentans, are large, though slender, bacilli, 
occurring singly or in pairs. Filaments are formed in some 
media—most notably in those lacking sugar. 

Gram slain. The organisms retain the Gram stain in young 
cultures, but quickly lose this property. In glucose broth after 
eighteen hours incubation there may be as many Gram-positive 
is Gram-negative individuals, but in twenty-four hours the 
eulture is largely Gram negative. ‘This is also true of glucose- 
war cultures. (It is possible, however, that the Gram-negative 
rods are those that have been inhibited or killed by acid pro- 
duced in the sugar media. This theory is supported by the fact 
that within a week glucose cultures are usually found to be 


The organism is so pamed to comply with Bergey’s Manual of Determinative 
Bacteriology We believe that it is more like the Clostridium butyricum of 


4 


Prazmowski than the organism chosen by the committee as the type species 


vhich is stated not to form the typic 1 clostridia 
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dead.) Infusion agar and Petroff’s egg-medium cultures, on the 
other hand, retain the Gram’s stain after three days of incubation. 

Shadow forms. There is a tendency, even in young cultures 
to the production of ‘“‘shadow forms,’’ which do not retain any 
stain well. These, especially in sugar media, frequently show 
deeper staining granules, sometimes one in each end of a pale 
swollen rod. Forms resembling the well-known Vibrion septique 
“‘eitrons” are also formed. 

Start h granule 8. If dilute iodine is added to a hanging drop 
made from a sugar medium culture, the rods are found to con- 
tain many granules which take a deep purple stain, showing 
the storing of a starch-like substance. 


Spores. Spores are formed in twenty-four hours in brain 
media, blood agar, Petroff’s egg and infusion agar. Spores 


are produced sparingly in glucose infusion agar shakes, and 
abundantly on glucose infusion agar plates. Spores have not 
been observed in any meat-extract, sugar media, although ther 
is abundant growth with gas production. 

The spores are rather straight-sided ovals, produced subter 
minally or, less frequently, in the center of the rod. The bacilli 
swell in their production to form clubs or spindles. Occasionally 
«a thickened spore-bearing rod has straight sides. The spores 
appear as refractive bodies with the Gram stain, and are acid 
fast. \ great variety of forms are found in spore productior 
on some media, most notably Petroff’s egg medium. 

Spore germination. On infusion-glucose-agar plates spores 
may apparently be formed, become distended, and germinate 


within forty-eight hours. Forms have been observed fulfilling 


all of the stages pictured in Prazmowski’s classical illustration 
of the polar germination of Clostridium bulyricum. T! 
cultures are Gram negative except for what appear to be spor: 
in the early stages of development within the rods, and also { 
the small new rods as they leave the old distended spore case 
Votility. Motility is variable. It is uniformly absen 
glucose broth. A few motile individuals may usually be ol 


served in preparations from young brain cultures, espé 


if some of the solid portions of the medium are carried over to 
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the slide. The majority of individuals in any field are non- 
motile. 


CULTURAL CHARACTERISTICS 


Infusion agar. No growth occurs in extract agar, nor indeed 
in any medium that is sugar-free. When colonies are produced 
in infusion agar shakes, they are irregularly lenticular masses. 
Surface plate colonies on infusion agar, at forty-eight hours, 
appear as small round transparent dew-drops. The hand-lens 
reveals irregular edges. 

Glucose agar. In glucose-agar stab-cultures, in twenty-four 
hours, gas is produced that fragments the agar so violently as, 
not infrequently, to push out the cotton plug. Colonies are 
knobby and irregularly lenticular. They are commonly broken 
up by subsequent gas production. In from two to three days 
gas production fragments the agar. 

On a glucose-infusion-agar slant or plate the surface colonies 
are small, white, opaque and raised. These cultures, however, 
are never very satisfactory because the agar becomes torn with 
gas bubbles, and some liquefaction of the media takes place, 
which overflows the surface. 

Fermentation in all sugar media is accompanied by a distinct 
odor of butyric acid. 

Petroff’s egg medium. In forty-eight hours colonies are formed 
abundantly. They are small, averaging 1 mm. in diameter, 
opaque, yellowish in color, ameboid in shape, and viscid in con- 
sistency. 

Blood agar. Dew-drop colonies are formed which have irreg- 
ular edges and are non-haemolytic. 

Gelatin. Gelatin is not liquefied, even when sugar is present. 

Brain. Gas is produced in brain media, but no blackening 
takes place. 

Broth. No growth takes place in sugar-free broth. In glu- 
cose broth 80 per cent or more of gas is produced in twenty-four 
hours. Even before rapid gas production ceases the organism 
has a tendency to clump and settle to the bottom of the tube, 
so that in forty-eight hours the broth is clear. A hanging drop 











Rater. 
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of a twenty-four-hour, glucose-broth culture usually shows this 
clumping, so that the preparation has the appearance of an 
agglutinating Widal. Because of this property immunization- 
agglutination tests for differentiation could not be used. 

Wilk. In twenty-four hours there is acid and gas, with a 
fairly firm clot below the marble seal. At this time a clot may 
be forming above the seal, or it may not appear for several 
days. In forty-eight hours the clot below the seal is firmer 
than at twenty-four hours, and is somewhat riddled with gas 
bubbles; although it is not so firm nor so shredded as in the 
typical C. Welchii reaction. 

Starch agar. These organisms produce a strong diastase. 
Large halos appear about the colonies on starch agar plates. 
These are accentuated by the addition of dilute iodine. In 
sugar-free, 1 per cent starch agar-shake-cultures gas is produced 
with a clearing of the medium, and after forty-eight hours of 
vigorous growth the starch is found, by the iodine test, to have 
disappeared completely. 

Fermentation. The organism ferments, with the formation 
of acid and gas, glucose, lactose, sucrose, raffinose, salicin, 
glycerol and starch; but not mannitol or inulin. 

Pathogenicity. The organism was found to be non-pathogenic 
for guinea pigs. Eleven of the isolations were inoculated as 
twenty-four-hour glucose-broth-cultures, intraperitoneally, 1 cc. 
each, into as many (11) guinea pigs. The pigs were apparently 
unaffected. 


THE SPLITTING OF THE CHOCOLATE COAT 


In an attempt to help solve the problem of a local confectioner 
who was having trouble with the cracking of chocolate creams, 
we made a cream filling in the laboratory, following his receipt. 
His ‘“‘mazetta’”’ was used as a foundation. 

Clostridium multifermentans was isolated, without difficulty, 
from the mazetta used. Also a sample of the egg albumin that 
had been used in making the mazetta, was found to contain 
this organism to the number of more than 10,000 per gram. 

About 10 ce. of the cream filling made in the laboratory was 
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put into each of twenty sterile test tubes, and a layer of paraffin 
was added to simulate the chocolate coat. Ten of these were 
inoculated with C. multifermentans, and ten were left for con- 
trols. Within a week gas was produced in eighteen tubes, 
inoculated and uninoculated alike, breaking or tipping the 
paraffin coat, with subsequent oozing. 

‘Two tubes, one inoculated, and one control, failed to respond. 
it was noticed that these had been given paraffin coats of unin- 
tentional thickness. After three weeks incubation, on the 
way from the incubator to the discard, they met with a jarring 
accident. A few days later they were noticed to have under- 
gone a stormy fermentation, with a lifting of the paraffin coat 
to the cotton plug. This was undoubtedly made possible by 
the jar and loosening of the paraffin. This is recorded as sup- 
port for the theory that a strong chocolate covering may pre- 
vent splitting even when other conditions are favorable for gas 
production. 

In this instance a fermentation tube inoculated from the 
control cream, one month after it had been put into the tube, 
produced C. muliifermentans in pure culture. 

Fifteen samples of chocolate creams, from as many batches 
none of which showed spoilage), were obtained from six different 
confectioners. When inoculated with C. multifermentans, 9 of 
the 15 eracked characteristically. The organisms inoculated 
were recovered from the split candies, fulfilling Koch’s postulates. 

It ] previously been observed that apparently good candies, 
from batches having typically cracked candies, usually were found 
to contain C. multifermentans, although they themselves showed 
no spoilage. Also the organism was at no time found to be pres- 
ent in samples from batches in which none of the candies showed 
spoilage. It seemed logical to expect, however, that occasionally 
(’. multifermentans might be found in candies from batches which 
had shown no spoilage; so we took the precaution of inoculating 
fermentation tubes from the centers of the candies that had been 
opened, aseptically, to receive the inoculation. None of the 
samples inoculated were found to contain C. muliifermentans 


previous to the inoculation. 
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\s to the candies that had not reacted (6 out of the 15 inocu- 
lated), it appeared there may have been one of several reasons 
for the failure. The thickness of the chocolate coat, and the 
moisture content of the filling were thought to be sometimes the 
controlling factors. Also some fruit-flavored fillings are made 
so acid as to be undoubtedly inhibitive. 

The attempt is not made here to solve in detail the confec- 
tioner’s problem, but it will appear that safety might lie either 
in making creams that do not contain C. multifermentans, or in 


rendering them unfavorable for its development. 


SUMMARY 


In the light of our various investigations it would seem proba- 
ble that most of the spoilage of chocolate creams through split- 
ting is due to a gas-forming microorganism whose morphology 
and cultural characteristics correspond to those of Clostridium 


multife rmentans (Stoddard). 
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RELATION OF TEMPERATURE, TO THE GROWTH 
OF THERMOPHILIC BACTERIA 


FRED W. TANNER GEORGI WALLAC] 


The growth function of microérganisms has received con 
' , “os 

siderable study and is known to be influenced by great li 
factors, of which temperature is one of the most important 


The thermophilic bacteria constitute aj group which is especiall 


adapted to a study of the effeet of) temperature on growth 
These organisms have sucl high optimum temperature fe 


growth that it is easy to select lower temperatures of incuba 
tion and still be within t] range tor active gi wth of the eso 


philic bacteria. 


RELATION OF TEMPERATUR) I 
His 
‘The growth of bacteria was early studied by tue gard 
and Riedlin (1887). Using the plate met! they caleulated 
the generation time of cultures of | | 7hrio er vt) 


was apparently regular since no lag phase was obse ol 
lowing this work there was a period in which growt bud 
were limited to the lag phase. Miiller (1895) w 

one of the first investigators to report a Ing phase 

was confirmed later by Hehewerth, | Rah ! others. Later 
Barber (1908) reported his observations on the growth of 
single cell of Bacterium coli. He found growth to be constant 
and regular, without a latent period.| To obtain such a growth 
however, he stated that transplanting must be made from ae 
tively growing cultures. Barber's work probably cannot be 


closely compared with that of other investigators on this subject 
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because of the difference in technic. Barber used single cells 
and followed their development microscopically while other 
investigators used the standard plate. Lane-Claypon (1909) 
working on Bacterium coli, Bacterium typhosum, and Bacterium 
enteritidis, found that after the lag phase was over, the growth 
was regular until a maximum was reached when it became 
constant for a short period and then slowly decreased. M’Kend- 
drick and Pai (1911) made a mathematical study of the growth 
of Bacterium coli and reported conclusions similar to those of 
Lane-Claypon. In addition they reported that the rate of 
multiplication was proportional to the concentration of nutri- 
ment in the medium. Penfold and Norris (1912) reported 
similar observations on Bacterium coli and confirmed the work of 
M’ Kendrick and Pai. 

The general opinion of some of the early investigators was 
that growth should be divided into four phases: (1) the lag 
phase or period of no growth; (2) the period of constant rapid 
growth; (3) the maximum stationary phase, the period in which 
the organisms multiply only slowly when they are at the maxi- 
mum of growth and; (4) the period in which the number of 
organisms decreases. Buchanan (1918) extended this scheme 
by dividing growth into seven phases: (1) the initial stationary 
phase; (2) the lag phase or positive growth acceleration phase; 
(3) the logarithmic growth phase; (4) the negative growth ac- 
celeration phase; (5) the maximum stationary phase; (6) the 
accelerated death phase, and (7) the logarithmic death phase. 
His paper did not contain the detailed experimental work upon 
which these conclusions were based. A very complete study 
of growth was made by Graham-Smith (1920) with Staphylococ- 
cus aureus in plain broth. He found that the normal growth 
was rapid for the first day, became slower on the second, and 
finally dropped rapidly until a low number of cells was reached, 
this number remaining constant for a long period. The rapid 
rise and fall occurred within six or seven days at 37°C. He 
incubated his cultures at different temperatures and found that 
the lower the temperature, the longer it took to reach a maxi- 
mum but that the maximum when reached at a low temperature 
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was higher than at higher incubation temperatures. This was 
true until the temperatures became low enough to be inhibitive, 
when the organisms began to decrease as soon as they were 
inoculated. His work is a fine addition to our knowledge of 
the development and growth of bacteria. 

In the past few years there have been investigations of growth 
from a different angle. MHenrici (1921, 1924) has studied the 
growth of Bacillus megatherium, Bacterium coli, and a diphthe- 
roid bacillus both by the use of a haemocytometer and by bio- 
metric study of the cells. He found in all cases that the cells 
increased in length until they were about six times the length 
of the inoculated cells. This maximum size was reached shortly 
after the beginning of the logarithmic growth phase. During 
this logarithmic growth phase the cells rapidly became shorter. 
He could not, however, find any correlation between the varia- 
tions in size and the rate of cell division. Clark and Ruehl 
(1920) also noticed this change in morphology. They believed 
that from two to six hours after transplanting, the organisms 
were twice as large as when inoculated. This shows that growth 
(increase in cell size) may take place before it is apparent by 
methods which estimate the number of new cells formed. 


Experimental 


In the experiments here reported one liter flasks were used 
containing 600 cc. of plain broth. Inoculations were made 
from two day old cultures of thermophilic bacilli which had 
previously been subcultured for twenty-four hours at 55°C. in 
order to activate them. Glass tumblers with a layer of cotton 
in the bottom were inverted over the necks of the flasks in place 
of the usual cotton plugs. As samples had to be removed from 
the flasks at frequent intervals, this method reduced the pos- 
sibility of contamination to a minimum and also decreased 
evaporation. Samples were taken at twenty-four hour in- 
tervals and plates were made. Later, when growth was more 
regular, counts were made every third day. Flasks of each 


culture were incubated at the three temperatures, 55°, 37 
and 20°C. The growth curves on chart 1 were made from the 
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observations of two different series. Both trials were similar 
so that there were no great variations. 


Disk ission of results 


At 55°C., under the condition outlined above, the three 
cultures acted as real thermophiles. The maximum growth 
was reached in a much shorter time than at the other two tem- 
peratures. ‘The initial stationary phase of Buchanan was 
very short except in the case of strain 83 where it seemed to be 
slightly more protracted. It is interesting to note that at 55°C 


i 


the cultures soon died out. This is in accordance with the 
general understanding that temperature exerts a driving action 
on cellular activities and that at 55°C. the bacterial cell works 
much faster and consequently wears itself out much more 
quickly. This is also brought out by the fact that cultures of 
thermophilic bacteria die out rapidly at 55°C. and must be 
frequently transferred if they are to be maintained. Lyman 
and Langwell (1923) in work on the decomposition of cellulose 
for the making of acetic acid by thermophilic bacteria stated 
that they secured 40 times as much product at 55°C. as at 37°C 
Inoculations of thermophilic bacteria in the center of a petri 
dish of sterile agar will give a colony 2 em. in diameter in ten to 
twelve hours at 55°C. These facts indicate that the strict 
thermophiles grow far better at 55°C. than at lower temperatures 

At 37°C. a typical unimodal curve was secured, the high point 
being reached in different times by the various strains. Maxi 
mum growth was secured in about twenty-eight days with 
strain 83, in about eighteen days with strain 68, and in about 
thirty-two days with strain 62. With strain 83 the maximum 
growth at 55° was much higher than the maximum at 37°C 
Just the reverse was true with the other two cultures. With 
these strains, as would be expected, a higher maximum growth 
was secured at 37°C. but the time was much longer. This was 
what Graham-Smith found with the mesophile Slaphylococcus 
aureus. ‘The lower the temperature of incubation, the greater 


was the growth. Our curves for 37° and 55°C. with culture 
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68 are hard to reconcile with the conception of a strict thermo- 
phile. 

At 20°C. the growth was very different. The maximum of 
growth was, in each strain, lower than at 55° or 37°C. The 
highest maximum growth was secured with strain 62 in about 
eight days. However, in every case, there was a distinct de- 
crease in the number of cells after this period of maximum growth. 
It is interesting to note that at 20°C. the cells were not all dead 
even after a long time. The numbers became constant in 
eighteen days and remained so over a period of six weeks. 
Counting was stopped at that time. The cold seemed to act 
as a preservative. The high point reached at 20°C. by culture 
62 was somewhat unexpected. 


LAG PHASE STUDIES WITH THERMOPHILIC BACTERIA 


Historical 


Miiller (1895) early observed the lag phase. Hehewerth 
(1901) and Rahn (1906) did similar work on different species, 
finding that the lag period varied with different organisms. Bar- 
ber (1908), as before stated, could not find a lag period in his 
microscopical observations on the rate of growth of a single 
cell of Bacterium coli. Lane-Claypon (1909) found a_ period 
during which there was no increase in the number of bacteria 
present. In 1914 Ledingham and Penfold reported an equa- 
tion expressing the mathematical analysis of lag. They found 
a definite phase during which growth proceeded regularly but 
slowly. This work and that of Barber’s conflicted in some 
ways with that of the other investigators. Penfold (1914) helped 
to clear up this confusion. His study of the factors influencing 
the bacterial lag showed that if Bacterium coli was subcultured 
when actively growing, it would continue to grow at the same 
pace. He also showed that the lag is lengthened when the 
temperature is lowered and when old cultures are used for 
inoculation. His work is of particular interest here because 
of its similarity to the work taken up in the present investigation. 
Slator (1916) fourntd the lag phase to be a mathematical process 
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and determined a constant for it. Chesney (1916) confirmed 
the work of some of the early investigators. He explained the 
lag phase as an expression of injury. Salter (1919) working 
on Bacterium coli further confirmed the work on this subject 
and emphasized the influence of age of culture on the lag phase. 

The work of Clark and Ruehl (1920) and Henrici (1921-1922 
1923) reveals another aspect of the lag phase phenomenon. 
Their researches indicate that from the standpoint of the cell, 
there may be no such thing as a lag phase because the cells 
grew even in what is called the lag phase when measured by 
cell division (on the standard agar plate). This suggests that 
the older conception of the term lag rests on cell division and 
not on growth; because a cell may grow, as shown by Clark and 
Ruehl, and Henrici, before it divides. In this respect Clark’s 
and Henrici’s work confirmed the results of Barber who also 
used microscopic methods. Henrici reported that cells of Bacil- 
lus magatherium began to increase during the so-called lag phase. 
This would seem to suggest that our conception of what is now 
called the lag phase depends on what definition of growth is 
assumed and also on the methods for determining it. Clark 
and Ruehl stated that the most interesting changes took place 
in a culture during the first 12 hours of growth. Sherman and 
Albus (1922-1923) also found this morphological difference be- 
tween new and old cells and their work shows that the presence 
of salts greatly affect the period of lag. On the assumption 
that lag is a period of physiological youth or a process of rejuve- 
nescence, they suggested that the conception of young tissue 
in a physiological sense be applied to the unicellular organisms. 


Experimental 


One hundred cubic centimeter flasks containing 50 cc. of 
plain broth were used for this study. Inoculations were made 
from three-month-old cultures and from actively growing 
eleven-hour cultures into cold and warm medium. The warm 


medium was previously warmed to the temperature of incuba- 
tion for the particular part of the investigation being carried 
out. The size of the inoculation was also varied, inoculations 
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being made by loop and with a pipette. In the former case, 
one loop full was used for the inoculation and in the latter 0.1 ce 
was used. Counts were made at hour intervals until growth 
as evidenced by turbidity could be seen in the flasks. It was 
found by trials that when growth could be seen in the flasks the 
lag phase was over, and that the culture had reached one of the 
later stages of growth. The results are shown in charts 2, 3, 
4, and 5. Duplicate plates were made and it is felt that the 
curves represent the actual growth rate. 


Discussion of results 


It has been shown by Penfold and others that the lag phase 
may be markedly altered by changes in the environment. In this 
work an attempt was made to show what effect the age of the 
culture, the size of inoculum, and the initial temperature of 
the medium has on the lag phase. All of these studies were 
carried out at three temperatures, 55°, 37°, and 20°C. 

In the literature there seems to be no agreement of opinion 
in regard to just what is meant by the lag phase. Penfold and 
Chesney both considered it as the period between seeding and 
the start of maximum growth. Slator stated that it was a 
period during which bacteria grow at a slower rate than they 
do later. Lane-Claypon explained lag as the period during 
which there is no increase in the number of bacteria present. 
Buchanan said it was the period between the initial stationary 
phase and the logarithmic growth period. Others have said 
it was a period during which the number of cells decreased. In 
our work the lag phase has been looked upon as the period of 
growth between the time of seeding and the starting of maximum 
growth. 

At 55°C. the lag phase was found to be from three to four 
hours long when old cultures were inoculated in small amounts 

1 loopful) into a medium that had been held at room tempera- 
ture (chart 2). All three of the cultures acted similarly although 
culture 83 showed a decided decrease in numbers that was not 
shown by the others. Its revival was quick, however, and in 


four hours it was growing rapidly. Culture 68 was in its maxi- 
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mum growth period in four hours. The growth was stationary 
or decreased slightly for two hours and then began to increase 
slowly at first but becoming faster until the maximum growt! 
period had started. When actively growing young (elever 
hour) cultures were used the lag period was almost entirely 
eliminated, the logarithmic growth phase starting almost im 
mediately. All three cultures acted very much alike in this 
respect. ‘There was no stationary period as each culture started 
growing immediately after being transplanted \t of and 
20°C. with an old culture an evident lag was secured. Thi 
was markedly reduced when young actively growing cultures 


were used. 


If the size of inoculation was increased from one lo il of 
the old culture to 0.1 ec. of the old culture another shortening 
of the lag was noticed (chart 3). Again all three of the cultures 


acted the same. During the first hour there was an increase 
the number of cells but it was comparatively small. ‘This was 


greater in the second hour and log rithmic ph: se started Dy th 


third hour. When young cultures were used for inoculatio 
the logarithmic growth period started immediatel Witl 
culture 68 the growth was extremel ranid but with eult 


62 and 83 less so. 

An attempt was then made to see if there would be a chang 
in the lag phase if the medium used was heated up to the tem 
perature of incubation before inoculation (charts 4 and 5 
Comparing chart 2 with chart 4, and chart 3 with chart 5 
it will be seen that in every case the lag was shorter in the mediur 
that had been prey iously warmed to the temperature of incul 
tion. When young cultures and large inoculations were used 


the same results were obtained with one exception; culture 6S 


reached its maximum growth when transplanted into the cold 
medium slightly earlier than when transplanted into the warn 
medium. As in both cases maximum growth was reached tn 
hour this difference was probably not important 

At 37°C. the lag period was longer than at 55° When old 


cultures were inoculated into the cold medium it took fron 


to six hours for the maximum growth to start (chart 2 Ir} 
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three cultures formed almost identical curves of growth. The 
growth remained practically constant for two hours and then 
slowly began to increase. At 55°C. the increase was faster. 
When young cultures were used for inoculation the two hour 
stationary period was the same but the subsequent increase 
was faster. In culture 83, however, the growth started almost 
immediately and increased faster than it did with either culture 
62 or culture 68. 

With the larger inoculations the results were like those at 
55°C, (chart 3). There was a shorter lag period, maximum 
growth starting between the first and second hour after seeding. 
The growth was not as rapid as at 55°C. When the young 
cultures were used the results were again comparable to those 
at 55°C. Maximum growth started after a period of one hour 
and then the increase was rapid. In every case the three cul- 
tures acted very much alike. 

The effect upon the lag phase of warming the medium to 
37°C. before inoculation was determined at this temperature 
also. Again, comparing charts 2 and 3 with charts 4 and 5, 
respectively, it will be seen that in every case the growth was 
more rapid in the flasks where the medium had been previously 
warmed to the temperature of incubation than in the flasks 
where the medium had been held at room temperature before 
incubation. With two of the cultures, 68 and 83, in the young 
culture inoculations on chart 5, growth the first hour was slower 
but afterwards it was faster than in the corresponding trials 
in the cold medium series. Culture 83 in the young culture 
cold medium series grew as well as it did when in the warm 
medium. Growth was rapid in both cases from the start. 

In comparing the 55°C. and the 37°C. results, one finds that 
in all but one case the 55°C. cultures reached maximum growth 
in a shorter time than when they were incubated at 27°C. 
When one loop each of the old cultures was inoculated into a 
medium warmed to 55°C. and incubated at 55°C. the maximum 
growth did not start until after three or four hours had elapsed; 
while in the medium heated to 37°C. and incubated at 37°C. 
growth started rapidly and the maximum was reached in two 
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or three hours. Perhaps the optimum temperature for incuba- 
tion was lower than 55°C. and the sudden change from the old 
culture into the heated medium resulted in an inhibitory action. 
This reaction was not noticed in the large inoculations, however. 
It is possible that in the large inoculations there were enough 
resistant cells to make up for the less resistant ones. 

At 20°C. there were many irregularities, as might be expected, 
because of the temperatures of incubation being so far from 
the optimum for these organisms. The lag phase in all cases 
lasted eight hours or more. Plates were not made after eight 
hours as a comparison of the lag period at different tempera- 
tures was all that was wanted. Growth was stationary or 
decreased from the start. In general, there was no comparable 
difference when conditions were altered, as there was in the 
55° and 37°C. studies. In culture 68 of the large inoculation, 
young culture warm medium series (chart 5) and in cultures 68 
and 83 in the large inoculation old culture cold medium series 
(chart 3) growth increased slightly during the first two hours but 
decreased after that. Culture 62 in the small inoculation 
young culture cold medium series (chart 2) and in the large 
inoculation young culture warm medium series (chart 5) increased 
after a two hour stationary period. The same was true of cul- 
tures 62 and 83 in the small inoculation old culture warm medium 
series (chart 3). This growth was not very rapid. The results 
show that 20°C. is a very unsatisfactory temperature for normal 
growth of the three cultures. The cells reproduce just enough 
to keep the cultures alive. 


SUMMARY AND CONCLUSIONS 


1. Growth curves were prepared for three thermophilic 
bacteria at 20°, 37°, and 55°C., and in plain broth. At 20°C. 
the cultures showed less growth than at 37° or 55°C. At 37°C. the 
period of maximum growth was reached in from sixteen to 
thirty days. At 55°C. growth was very rapid, the cells dying 
quickly after the period of active growth. Cells of thermophilic 
bacteria growing at 55°C. wear themselves out very quickly, 
the cultures becoming sterile. 
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2. Warming of the medium to 55°C. before inoculation in 


every case shortened the lag phase of growth. 

3. At 37°C. the lag phase was longer than at 55°C. When 
both young and old cultures were used, the former began grow- 
ing much more rapidly. The period of lag was about the same 
for both young and old cultures. 

4. At 20°C. the growth of the thermophiles was quite irregu- 
lar. The lag phase was greatly prolonged. At 20°C. the bac- 
teria grow slowly; the number soon reached a level where it 
remained constant for a long period. 
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That commercial peptones vary in the amount of hydrogen 
sulphide which they will yield when incorporated into suitable 
culture media supporting growth of various species of bacteria 
capable of elaborating this substance, has been pointed out by 
Myers (1920), Thompson (1920-1921) and Tilley (1923a). This 
last named investigator also demonstrated that differences in 
hydrogen sulphide production may be shown for various strains 
of bacteria within the same species. In a later communication, 
Tilley (1923b) reported that while unoxidized sulphur in the form 
of cystin yielded an abundance of hydrogen sulphide, the unoxi- 
dized sulphur of commercial peptones may consist largely of some 
compound or compounds other than cystin, and not utilizable by 
bacteria for the production of H.S. 

To obviate this difficulty and to avoid the necessity of testing 
each lot of pepton individually when hydrogen sulphide tests 
are to be made, Tilley advocated the addition of known quantities 
of an unoxidized sulphur in the form of sodium thiosulphate to 
media containing the usual lead acetate indicator. In this way 
Tilley succeeded in producing a uniform black coloration of the 
media when the bacteria planted were able to elaborate hydrogen 
sulphide, regardless of the initial cystin content of the pepton 
used. 

As 0 report has heretofore appeared in regard to the hydrogen 
sulphide producing properties of the anaerobic spore-bearing bac- 
terial group, a study of this subject has been undertaken, and for 
this purpose I have used the sodium thiosulphate media as advo- 
cated by Tilley, but modified somewhat to suit the requirements 
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of this group of organisms. Instead of using 3 per cent of pep- 
ton, 1 per cent was employed and 0.5 per cent of agar instead of 3 
per cent, as anaerobes find some difficulty in growing in a very 
stiff substance. Casein digest fluid (Kahn, 1922) was also added 
as an enriching agent as some of the anaerobes will not multiply 
actively in a plain pepton-meat infusion mixture. The formula, 
then, for the substance used to support growth and test for H.S 
in these experiments was as follows: Beef heart infusion, 1000 
ce., pepton (Difco) 10 grams, casein digest fluid 30 cc., agar 5 
grams, sodium thiosulphate crystals, e.p. (Baker) 2.5 grams. 
The above ingredients were heated to 100°C. for thirty minutes 
to dissolve, the reaction adjusted to pH 7.2, filtered through 
cotton and flannel, tubed in 10 ec. amounts and sterilized in the 
autoclave at 15 pounds for twenty minutes. 

Just prior to inoculating, the tubes were boiled for fifteen min- 
utes to expel as much of the dissolved oxygen as possible, rapidly 
cooled to 46°C. and 0.1 ec. of a sterilized 10 per cent solution of 
lead acetate added to each tube. Inoculations were made from 
0.5 per cent casein digest agar cultures with the aid of a Pasteu 


pipette, employing about 0.25 ce. of inoculum. In all experi- 
ments with anaerobic spore-bearing organisms definite results 
are more likely to be obtained within a minimum of time if rela- 
tively large amounts of culture are used for transplanting. Often 
a mere loopful of material when seeded from one tube to anothe1 
will not be sufficient to bring about a desired growth or reaction 


until considerable time has elapsed. Anaerobiosis was induced 
in all cultures by applying a cap of sterile vaseline about ? inch in 
height. As has already been reported (Kahn, 1922) this method 
of inducing growth was found to be an effective and simple one, 
capable of satisfying the oxygen requirements of the most fastidi- 
ous species. The tubes were incubated at 37°C. for twenty 
days and daily observations made during this period. 

The following types of spore bearing anaerobes were employed 
in these experiments, the numbers in parenthesis indicating the 
number of strains tested: the V ibrion se plique (3), B. oedematiens 
(B. novyi) (2), B. welchii (5), B. fallax (1), B. tertius (1), B. chau- 
voet (1), B. sphe noides (1). B. » itrificus (3). B. aerofoetidis 2). B. 
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tetani (2), B. bifermentans (3), B. sporogenes (3), B. centrosporo 
genes (1), B. botulinus (2), B. histolyticus (4). These cultures 
were all offsprings of single bacterial cells isolated by the Barber 
technic and there would seem to be no question of their purity 
Suitable tests for aerobic contamination were made by inocula 
tions on casein digest agar slants. I was unable to detect any 
such contamination during the investigation. 

The species of bacteria capable of elaborating hydrogen sul 
phide in this medium invariably produced an intense black colora 
tion of the entire substance. This reaction was quite obvious 
with the positive strains after twenty-four hours and very marked 
after two days incubation. The organisms seemingly incapable 
of elaborating H.S did not produce any alteration in the color of 
the medium which exhibited a turbid grey appearance due to the 
addition of the lead acetate. 

On the basis of the results shown in table 1, it seems feasible t: 
divide the anaerobic spore-bearers into two groups, i.e., producers 
and non-producers of hydrogen sulphide. Those anaerobic 
spore bearers capable of elaborating H.S were found to be B. 
aerofoetidis, B. putrificus, B. tetani, B. bifermentans, B. sporo 
genes, B. centrosporogenes, B. botulinus, B. sphenoides, B. welch 
and &B. lertius, while the following were found to be incapable of 
producing this substance: B. fallax, B. oedematiens, B. chauvor 
and the Vibrion septique. B. histolyticus was the only organism 
encountered giving what might be termed a borderline reaction. 
\lthough 3 strains of this species were investigated and the tests 
duplicated on several occasions, the reaction about to be described 
was invariably obtained. After four days incubation the tubes 
seeded with this organism still resembled the controls in colo 
leading one to believe that although a strongly proteolytic 
species, B. histolyticus was ineapable of elaborating H.S, whereas 
with the frankly positive group the jet black coloration was 
produced after forty-eight hours. On the fifth day, however, the 
cultures of B. histolyticus were found to have taken on a distinct 
tan hue and after ten days had elapsed this color deepened some 
what, but was hardly comparable to the black coloration produced 


by the definitely positive types. On the basis of this test it seems 
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that B. histolylicus is extremely slow and weak in its H,S elaborat- 
ing properties but that there is some activity in this regard 
cannot well be disputed. 

A second series of experiments was undertaken to test the 
hydrogen sulphide activities of this group of bacteria in a 
medium containing lead acetate but where no unoxidized sul- 
phur was added in the form of sodium thiosulphate. The 
conditions of this experiment were otherwise identical with the 
first. The results are reported in table 2. It will be noticed 
that the result, where one depends on the inherent cystin content 
of the pepton as a mother substance of H,S, is less distinct and 
takes a considerably longer time to become manifest than where 
sodium thiosulphate is added. ‘The degree of blackening is not as 
intense and also is produced in such varying degree that it would 
obviously tend to make more difficult the interpretation of the 
test. ‘The reactions, also, lagged somewhat as compared with 
those taking place in the medium to which sodium thiosulphate 
had been added. B. histolyticus failed to darken this type of 
substance at all, suggesting that unoxydized sulphur in the form 
of sodium thiosulphate is more available than ecystin for this 
species as 1 source of hydrogen sulphide. ‘These several findings 
establish the value of adding sodium thiosulphate to a medium 
when tests for hydrogen sulphide are made with members of this 
group 


Uninoculated controls were carried with each of the above 


experiments and exhibited no change in coloration during the 


obser. tion period 
MISCUSSION 


For years observers have considered the ability or lack of 
ability of certain anaerobic spore bearers to blacken animal tissue 
when incorporated into suitable culture media, as a cultural 
characteristic of differential importance. This phenomenon has 
been variously explained. Rettger (1906) considered the black- 
ening due to hydrogen sulphide production. Von Hibler (1908), 
iccording to Hall and Petterson (1924), correctly attributed the 
blackening to the formation of iron sulphide in meat or brain 
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mediums by sulphuretted hydrogen set free from the protei 
molecule. Henry (1917) thought that this discoloration m 
have been due to a tyrosine derivative brought about by the 
interaction of tyrosine and tyrosinase, or a humin-like substanes 
due to the condensing of sugar with an amino body. Hall 
and Peterson (1924) have recently published a painstaking inves 
tigation on the possible mechanism of this phenomenon and hav 
arrived at the conclusion that it is due to the iron content of brain 
medium, when such is used alone, or to the iron content of pe) 
ton, when this substance is added. 11 hey were able to demon 
strate that iron, as it is found in various brands of commercial 
pepton, varies widely in the amount present, Difco pepton beings 
most constant in this regard. When iron was added to then 
media, containing various brands of pepton, the following varia 
tions with the same species were found as regards the time taker 
to produce blackening: B. welchii, two to five days: B. no 
B. oedematiens) two to five days; B. tetani, one to five d: 


tA 
; 


When no iron was added to the basie substance containing vari 


ous brands of pepton, even wider variation was encountered witl 


some of the organisms, for example: PB. sporogenes, two to foun 
days, B. histolylicus, two to twenty-two days, B. lyrosinogene 

two to seven days, B. welchii, seven days, s¢ veral of the brands of 
pepton not giving rise to any blackening with B. welc/ fter 


forty-five days and with B. tetani after one to thirty days. som 
of the brands showed no blackening with B. felani after fi 
days. 

Thus we see that wide variations are liable to occu he 
recording the blackening phenomenon produced by various mem 
bers of the anaerobic spore bearing group. Such discrepancies 
would seriously handicap accurate observation of this important 
cultural characteristic, depending on the brand of pepton used 
when readings are taken solely from meat or brain mash with on 
without the addition of iron. The modified medium of Till 
as described here, was found to yield uniform results as regards 
the detection of the elaboration of hydrogen sulphide by thes« 


ey 


bacteria. Rapid and constant blackening took place where 


positive reaction occurred, making the test clear-cut and readil 
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interpreted; while on the other hand where no H.S was liberated 
the medium remained uncolored as did the uninoculated controls. 

In view of the variations liable to be encountered in the cystin 
content of various peptones used in the preparation of media, as 
reported by Tilley, or of the iron content, as demonstrated by 
Hall and Peterson, and in the possible variation of the iron content 
of natural brain and muscle tissue, where no pepton is added, it 
would seem advisable to substitute a medium more accurate in its 
composition for the recording of this blackening phenomenon and 
for this purpose we would like to recommend the modified medium 
of Tilley, as described here. 

It is interesting to note that hydrogen sulphide production 
may not necessarily be an indicator of proteolysis from the bac- 
teriological point of view, as evidenced by the reduction in vol- 
ume of native protein, for B. welchii, B. tertius and B. sphenoides, 
non-proteolytic species of anaerobes, are able to elaborate H.S 
quickly and strongly as judged by this test, while B. histolyticus, 
an active digestor of native protein, produces H.S very slowly and 
in small amount. 

CONCLUSION 


The medium of Tilley, containing sodium thiosulphate and 
lead acetate, modified for culturing anaerobic spore bearing bac- 
teria was found to be satisfactory for testing the hydrogen sul- 
phide elaborating ability of this group. Sixteen different species 
(36 strains) were used in these tests. 

There was found to be no essential correlation between the 
native protein digesting ability and the H.S producing properties 
of these organisms. 

It is suggested that Tilley’s medium be employed in testing the 
so-called blackening ability of the anaerobic spore bearers instead 
of the less delicate and indefinite meat mash and _ brain 
preparations. 
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The disagreement among many workers as to the exact cul- 
tural characteristics of B. chauvoei has existed, to a certain extent, 
since Bollinger and Feser showed that the disease, blackleg, was 
to be differentiated from anthrax from an etiological, as well as 
from a clinical, point of view. 

Of late years this organism has been most commonly confused 
with two other spore-bearing anaerobic bacilli, the Vibrion sep- 
tique and B. edematis-maligni. 

In a previous paper by one of us (Schlingman, 1924), it was 
shown by immunization tests that these three organisms were 
separate and distinct, and that blackleg immunizing agents made 
from pure cultures of B. chauvoei gave no protection against the 
other two organisms. 

The desire to differentiate these organisms further led to the 
following experiments designed to determine, if possible, some 
marked characteristic in culture media which would be of aid in 
further distinguishing one species from the other. 


DESCRIPTION OF ORGANISMS USED 


Throughout this entire work five strains of B. chauvoei, three of 
the V ibrion septique and three of B. edematis-maligni were used. 

As a basis for description all the strains of these organisms were 
planted in Hibler medium (Goss, Barbarin and Haines, 1921), 
liver agar (2 per cent) and 2 per cent glucose agar, deep. 

B. chauvoei: All strains of this organism in Hibler medium 
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produce gas and a slight cloudiness of the liquid which later 
clears up, as autoagglutination of the organisms takes place. 
No odor is present except a very faint indication of butyric acid. 
The brain tissue turns only slightly pink and is not digested. The 
colonies in liver agar (2 per cent) are small, translucent, and 
ellipitical in shape. After twenty-four hours incubation little 
or no gas is produced in deep tubes of this medium. This, how- 
ever, to a certain extent, seems to depend on the freshness of the 
medium as in a very fresh medium there may be sufficient gas 
production to break the agar into small sections. No growth oc- 
curs in 2 per cent glucose agar, deep, unless bits of brain tissue or 
blood are carried over in the seeding. 

Vibrion septique: In Hibler medium, after twenty-four hours 
incubation, this organism produces only a very slight cloudiness 
of the liquid and usually a rather violent gas production. The 
brain tissue is not proteolysed, nor is there any odor. In liver- 
agar (2 per cent), this bacillus forms round, white, wooly colonies 
with early and extensive gas production, the agar being shattered 
after twenty-four hours. Colonies of the same character are 
formed in agar medium containing 2 per cent glucose, with 
moderate gas formation. 

B. edematis-maligni: The three strains of this organism were 
similar in their action on practically all the media used. They 
were, however, somewhat different in colony formation and in 
their activity. In Hibler medium all strains produced darkening 
of the liquid, proteolysis of the meat pieces, and a fetid odor. 
The strains designated ““Novy” and ‘‘Koch”’ produced no black- 
ening of the tissue except occasionally and then only after pro- 
longed growth (four to five months). The strain designated 
“Weinberg” usually produced some discoloration of the brain 
tissue after twenty-four to forty-eight hours incubation. The 
colonies of this strain in liver and 2 per cent glucose agar are 
rather large and loosely fluffy, the agar usually being broken by 
gas production after twenty-four hours growth. The colonies of 
the Novy strain, the most active of the three, in liver and 2 per 
cent glucose agar are small, more compact than those formed by 
the Weinberg strain, and have short fluffy tendrils. 
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The ‘‘Koch”’ strain, the least active of the three, produced in 
liver and glucose media, colonies somewhat smaller than those 
formed by the Weinberg strain but similar in shape, producing 
a relatively small amount of gas in their growth. 

In an effort to find a solid medium for shake cultures, or a 
liquid medium for fermentation tube cultures, best suited to the 
needs of these three organisms, practically all of the body tissues 
and fluids of the ox were used. 

The different kinds of media that were made and tried out are 
given herewith : 


1. Liver agar la. Liver broth 

2. Hormone agar 2a. Hormone broth 

3. Spleen agar 3a. Spleen broth 

4. Kidney agar 4a. Kidney broth 

5. Embryonic muscle agar 5a. Embryonic muscle broth 
6. Amniotic agar 6a. Amniotic broth 

7. Brain agar 7a. Brain broth 

8. Glucose agar Sa. Glucose broth 

9. Glucose serum agar 9a. Glucose serum broth 

10. Hibler medium 10a. Hibler broth 

11. Synthetic medium (agar lla. Synthetic medium (fluid 
12. Litmus milk (under oil 12a. Litmus milk (fermentations 
13. Litmus milk (under paraffin) 

14. Egg-meat medium. 


All of the above media except the Amniotic, Hibler and Syn- 
thetic, were made according to the same formula, as follows: 
1000 ce. of water were added to 500 grams of the tissue and cooked 
in flowing steam for one hour. The resultant broth was strained 
off and divided into two parts. To one part was added 1 per cent 
pepton (Witte’s) and 0.5 per cent sodium chloride. To the other 
neither pepton nor salt were added. 

These two parts were then heated in flowing steam until the 
pepton dissolved when each was again divided into two. The 
reaction of one part containing pepton and one part containing 
no pepton was adjusted at pH 8.2. The reaction of the remaining 
portions was adjusted at pH 7.6. 

Sufficient broth was then taken from each lot to fill 35 fer- 
mentation tubes, the remainder being made into solid medium 
by the addition of 2 per cent agar. These parts were then heated 
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in flowing steam until the agar dissolved, filtered, tubed and 
autoclaved at 15 pounds pressure for twenty minutes. 

The fermentation tubes were sterilized by heating in flowing 
steam for thirty minutes on three consecutive days. 

The amniotic medium was made following the outline above 
except that the amniotic fluid was used as a base, no water being 
added; the Hibler medium was made according to the usual 
formula (Goss, Barbarin and Haines, 1921), except as to stan- 
dardization and lack of pepton and salt; the Hibler broth was 
made as outlined for other media except that one part of brain 
infusion was mixed with two parts liver infusion; the synthetic 
medium (Robertson and Davis, 1923) was a combination of 
chemicals and contained no meat extract; the Hormone medium 
was a meat infusion with the addition of 1 egg, 5 grams KH,PO, 
and 50cce. glycerol to 1000 cc. ; the glucose serum medium was made 
by increasing the volume of the regular 2 per cent glucose medium 
with approximately 20 per cent of fresh filtered beef serum; 
the litmus milk was made as usual, filled into tubes and fermen- 
tations, and sterilized by intermittent heating in flowing steam; 
the egg-meat medium (Rettger, 1906) was a meat-piece medium 
containing egg-albumin. 

Six different lots of each kind of media, except litmus milk 
and the egg-meat, were made. Only two lots of these latter were 
used. Five tubes of each lot of the solid media were planted with 
each strain of the three organisms, the agar being melted and 
cooled to 45°C. before planting with one loop from the starter 
cultures in-Hibler medium. Three fermentation tubes of the 
broth in each lot were pianted with each strain of the three or- 
ganisms leaving one tube in each lot unplanted as a control. 
Three lots of media (liquid and solid) were planted at one time 
and were incubated at 37°C. for forty-eight hours. Observations 
of all cultures were made at the end of twenty-four hours and forty- 
eight hours except those in litmus milk under oil, paraffin and in 
fermentation tubes which were observed daily for eleven days, as 
were the cultures in egg-meat medium. The oil and melted 
paraffin were added to the tubes of litmus milk after planting. 
As a check against each of the various media, each strain of the 
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three organisms was planted in the regular Hibler medium and 
incubated along with the cultures in the special media, these 
cultures being used as starters for the next planting. 


RESULTS OF OBSERVATIONS 


In making the various solid media the agar content was the 
same as that in the media used at the beginning of the work for a 
basis of description. As a result the growth, when growth did 
occur, was characterized by formation of the colonies typical for 
the organism planted, and sometimes gas formation as described 
in liver agar. Growth of these organisms in fermentation tubes 
was characterized by cloudiness of the liquid and gas formation 
or by cloudiness only, depending on the activity of the organisms 
in a particular medium. The changes which took place in the 
litmus milk will be described later. 

1. Liver medium: In this medium all the organisms were very 
active, especially in those lots containing pepton and salt. In 
those containing no pepton and salt there was a rather marked 
decrease in the activity of allstrains. In most instances the me- 
dium containing pepton was entirely shattered in twenty-four 
hours while in the other lots but a few bubbles of gas were 
formed. 

All the organisms were active in the fluid form of this medium, 
but not so much so as in the solid form. In those lots where the 
final hydrogen-ion concentration was above pH 7.6 B. chauvoet 
either did not grow or its activity was very slight. 

2. Hormone medium: In the solid medium B. chauvoei was not 
especially active, producing in most instances only a slight 
amount of gas after forty-eight hours incubation; in the liquid 
form, a cloudiness of the liquid and in some cases gas after forty- 
eight hours incubation. The other two organisms were rather 
active in this medium, both in the solid and liquid, producing 
gas at the end of twenty-four hours incubation. 

8. Spleen medium: All the organisms were rather active in 
this medium except B. chauvoei which produced only a slight 
amount of gas in the liquid after forty-eight hours incubation. 

4. Kidney medium: Of the three organisms B. chauvoei was the 
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TABLE 1 
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Results in various media 


. Liver agar 


Liver broth 


. Hormone agar 


Hormone broth.. 

Spleen agar 

Spleen broth.. 

Kidney agar 

Kidney broth 
Embryonic muscle agar* 


Embryonic muscle broth*.. 
>. Amniotic agar* 


Amniotic broth* 


. Brain agar 


Brain broth... 
Glucose agar 
Glucose broth 


2 per cent) 


Glucose serum agar 
Glucose serum broth..... 


10. Hibler medium 
Hibler broth....... 
11. Synthetic medium (solid 
Synthetic medium (liquid 
12. Litmus milk (oil) 
13. Litmus milk (paraffin)..... 
14. Litmus milk (ferment).... 


15. Egg-meat medium...... 





_— = 


growth. 
no growth. 


* Growth in this medium w: 





2 per cent). 
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least active in this medium, although it did grow, producing only 
a slight amount of gas. The other two organisms were fairly 
active. None seemed to be affected in their growth by the lack of 
pepton and salt. 

5. Embryonic muscle medium: The growth of B. chauvoei in 
the few instances in which it did occur was characterized by 
fine elliptical colonies barely visible to the naked eye. In only 
three tubes of the liquid medium was there any growth noticeable 
and then only after forty-eight hours incubation. The other two 
organisms were fairly active, producing a rather moderate amount 
of gas in most instances, in both the solid and liquid forms. 

6. Amniotic medium: The growth of B. chauvoei in both the 
solid and liquid forms of this medium was not constant as it oe- 
curred only occasionally and then only in those lots which con- 
tained pepton and salt. The Vibrion septique and B. edematis- 
maligni grew rather actively, the activity being lessened some- 
what by the lack of pepton and salt. 

?. Brain medium: B. chauvoei grew with moderate activity 
in the solid form but did not grow in the liquid in fermentation 
tubes. The other two organisms were active in both the agar 
and broth. 

8. Glucose medium: No growth of B. chauvoet was obtained in 
any of the lots of either the solid or the liquid forms. The Vibrion 
septique and B. edematis-maligni were both very active in all lots 
of both forms, especially the former, which produced suflicient 
gas in twenty-four hours in the solid form to shatter the agar 
completely. 

9. Two per cent glucose serum agar: When the 2 per cent glucose 
medium was enriched by approximately 20 per cent fresh filtered 
beef serum, B. chauvoei grew with a fair degree of activity, the 
growth being influenced somewhat by the lack of pepton and 
salt. The other two organisms were very active in both forms 
of the medium. 

10. Hibler medium: All the organisms grew very actively in 
this medium, the growth being influenced only very slightly, 
if at all, by the lack of pepton and salt. In the liquid form B. 
chauvoet was the least active of all, showing little or no growth 
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in those lots where the final hydrogen-ion concentration was 
above pH 7.6. 

11. Synthetic medium: None of the organisms grew in any of the 
various lots of liquid or solid synthetic medium. 

12. Litmus milk under oil: One-half of the tubes in each lot 
were inoculated by loop, the other half being inoculated by 
pipet, carrying over at least 0.1 cc. of the liquid from the starter 
culture. After eleven days observation no growth of B. chauvoei, 
whether inoculated by loop or pipet, has occurred. The Vibrion 
seplique inoculated by loop or pipet produces acid and a soft clot 
in twenty-four to forty-eight hours. After eight or ten days in- 
cubation the clot contracts, being entirely surrounded by the 
whey. No digestion of the clot takes place. B. edematis-maligni 
produces in three to five days acid and a solid clot. Digestion of 
the clot begins shortly after, it being practically all digested by 
the tenth or eleventh day. 

13. Litmus milk under paraffin: The same procedure was 
followed as in the litmus milk under oil with the same results. 

14. Litmus milk in fermentation tubes: B. chauvoei did not grow 
in this medium in the fermentation tubes, whether inoculated by 
loop or by pipet. As in the milk under oil or paraffin there was, 
in a few instances, where a relatively large amount of the starter 
culture had been carried over, a slight reduction of the litmus. 
Transplants from these tubes to suitable media and to other 
tubes of litmus milk gave negative results. 

In the closed arm of the fermentations the Vibrion septique 
produced a‘solid clot while in the open arm a softer clot was 
formed. Acid was produced as in the milk under oil and paraffin 
and also a contracting of the clot. 

After three to five days incubation a solid clot was formed by 
the growth of the malignant edema organisms, this clot turning 
acid and being almost entirely digested in ten days. 

15. Egg-meat medium: All the organisms grew actively in this 
medium. After eleven days incubation no noticeable changes 
were evident in the cultures of B. chauvoei except active gas pro- 
duction and a faint indication of butyric acid. Those of the 
Vibrion septique showed active gas production with a very slight 
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pinkening of the meat-pieces. No digestion of meat or albumen 
took place. In the cultures of B. edematis-maligni all of the egg- 
albumen was digested after five days growth. About three- 
fourths of the meat pieces were digested by the Novy and Wein- 
berg strains at the end of the eleventh day while during the same 
time less than one-half had been digested by the Koch strain. 

Through the entire experiment it was found that in those media 
in which growth of the three organisms did occur, the strains of 
the Vibrion septique were by far the most active. 

It was found that all the organisms grew over a wide range of 
H-ion concentration, B. chauvoei being influenced more by a high 
alkalinity than the other two organisms. Best growth was ob- 
tained, however, where the final reaction of the medium was 
between pH 6.8 and 7.6. 


SUMMARY 


1. Comparisons of the growth of B. chauvoei, the Vibrion 
septique and B. edematis-maligni were made, using practically all 
the body tissues and fluids of the ox as a base for both solid and 
liquid media. 

2. B. chauvoei does not grow in 2 per cent agar medium con- 
taining 2 per cent glucose, but it does grow in this medium when 
it is enriched by approximately 20 per cent fresh filtered beef 
serum. Both the Vibrion septique and B. edematis-maligni are 
active in the glucose medium and the glucose serum medium. 

3. In amniotic medium containing no pepton or salt, B. chauvoei 
did not grow. The other two organisms grew in this medium but 
their activity was lessened by the lack of the pepton and salt. 

4. Both the Vibrion septique and B. edematis-maligni grew in 
both the solid and liquid forms of the brain medium while B. 
chauvoei grew only in the solid form. 

5. In litmus milk under oil, under paraffin and in fermentation 
tubes whether inoculated by loop or by pipet, no growth of B. 
chauvoei occurred. The Vibrion septique, in this medium, produces 
acid and a soft clot, no digestion of the clot occurring even after 
ten days incubation. B. edematis-maligni produces acid and a 
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solid clot which is practically all digested after ten days or eleven 
days incubation. 

6. In egg-meat medium B. chauvoei grew as it does in Hibler 
medium, the only changes occurring being those of gas produc- 
tion with a slight indication of butyric acid. The Vibrion sep- 
tique grew in this medium with active gas production and a slight 
pinkening of the meat pieces. No digestion of either the meat- 
pieces or albumen occurred. The growth of B. edematis-maligni 
in this medium was characterized by gas production, darkening 
of the liquid and, after about five days incubation, a digestion 
of approximately all of the egg-albumen. After ten to eleven 
days incubation, one-half to three-fourths of the meat pieces 
were digested. 

7. The cultural characteristics described above may be used 
in further differentiating B. chauvoei, the Vibrion septique and 
B. edematis-maligni. 
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The production of indol by bacteria has received considerable 
attention throughout the development of the science of 
bacteriology. 

Norton and Sawyer (1921) claimed that, with the exception of 
Vibrio cholerae, all species which have been reported as indol- 
positive have also been found by some to be indol-negative. 
Because of this variation among strains of the same species, the 
indol reaction per se cannot be considered as a good species 
differentiating test. Nicolle and others (1919) studied a number 
of strains of Coccobacillus acridiorum, probably all from the same 
source, which showed considerable variation in indol formation. 
Many laboratory workers in bacteriology have met with indol- 
negative strains of Bact. coli and indol-positive strains of Bact. 
aerogenes. 

However, because indol production by any given strain of 
bacterium appears to be constant and fixed (Neisser, 1921), 
this reaction has some value in the study of individual strains, 
although an apparent flaw in this argument is brought out in the 
work of Fabry (1922) who stated that continued cultivation of an 
indol-positive strain of Bact. coli in a medium containing 0.05 
per cent phenol developed a strain which did not produce indol. 
In this instance might not the phenol, by inhibiting growth of the 
predominating indol-positive cells, bring into prominence an 
indol-negative bio-type originally present in the same strain? 
Granting Neisser’s claims, the production of indol by bacteria is 
of some practical value. 


1 The writer wishes to express his thanks to Prof. L. F. Rettger for suggestions 
and correction of the manuscript. 
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From experience in this laboratory, and from the conflicting 
reports of other workers, the author feels that, while individual 
strains may vary, some of the confusion among writers is due to 
differences in the technic involved in studying indol production. 
It is apparent that, in order to get consistent results in the same 
laboratory and in different laboratories, standard techniqueshould 
be employed. 

The work reported in this paper has been carried out with the 
hope of adding to our knowledge of the mechanism of indol 
production, and ot providing some standard method or methods 
which appear warranted as the result of the study and practical 
application of various methods developed by other workers. 

The present work may be conveniently divided as follows: 


I. A study of various methods of indol testing 
II. A comparative study of media 
III. A study of other factors involved in the production of indol by 
bacteria 
IV. The practical application of methods in routine identification 
work 


I. METHODS OF TESTING INDOL PRODUCTION BY BACTERIA 


Holman and Gonzales (1923) gave a good historical review of 
indol testing methods and brought to light an old test which had 
fallen into obscurity, although Holman has used it since 1911. 
This is the Gnezda oxalic acid paper test, a method which takes 
advantage of the extremely volatile nature of indol. Filter paper 
is saturated with 10 per cent oxalic acid solution and dried. It 
is cut into strips (as nearly aseptically as possible) and a strip 
supported across the lower end of the plug in the mouth of the 
test tube containing the test solution. Indol volatilizes at ordi- 
nary room temperature and above, and reacts with the oxalic 
acid paper, imparting a distinct pink color to it. According to 
the report of these investigators, this test is specific for indol and 
checks up well with the Ehrlich-Béhme test. It is very sensitive, 
a one to one million solution of indol giving a positive reaction 
in twenty-four hours at 37°C. The paper may be placed in the 
culture tube when inoculated, and the first development of indol 
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by the test organism noted. The paper must be kept dry in 
order to react. 

Salkowski’s test has gradually been placed in the discard as a 
test for indol, because various workers have shown that other 
substances give the same reaction as indol does. 

The Béhme-Ehrlich test (para-dimethyl-amido-benzaldehyde 
and potassium persulfate) has generally been accepted as the 
standard test by investigators, although there are a few who claim 
that it is not always specific. The preponderance of evidence, 
however, is in support of its specificity. This test can not be 
used with solid or with highly colored media Goré has modified 
it, however, in such a manner as to make it practical for such 
media. The test is made by wetting the cotton plug with the 
given reagents and volatilizing the indol by immersing the cul- 
ture tube or flask in a boiling water bath. The volatilized indol 
imparts a characteristic cherry red color to the moistened plug. 
This modification makes the test very sensitive, one part of indol 
in two million giving a positive reaction, according to Goré. 
The Béhme-Ehrlich method has been reported as giving a posi- 
tive test in 1:300,000 dilution. 

In all of the work reported in this paper, the Gnezda, Goré 
and Béhme-Ehrlich tests have been used simultaneously. 


II. MEDIA FOR INDOL PRODUCTION 


The medium for indol production generally given in text-books 
is a pepton broth. This is not always satisfactory. Indol is a 
decomposition product of the tryptophane molecule. Frieber 
(1921) assumes that tryptophane is attacked by both positive 
and negative indol formers with the production of indol-acetic 
acid, positive organism breaking this up further to indol. Neis- 
ser (1921) states that indol is the product of carbon metabolism 
and not protein metabolism. All bacteria can utilize the amino 
nitrogen in the alanin part of the tryptophane molecule, but only 
indol-positive organisms can use thecarbon part, leaving free indol. 
He was not able to prove that indol-positives could break down 
indol-acetic acid to indol. Neisser also states that tryptophane 
must be uncombined with protein before indol can be formed from 
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it by bacteria. Some peptones do not contain free tryptophane, 
and in others the tryptophane is apparently destroyed by the 
method of manufacture. Consequently such peptones should 
not be used for the study of indol production. 

Some bacteria are reported to be able to split off tryptophane 
from the protein molecule, and then to further decompose this 
tryptophane to indol. 

A number of media other than pepton have been suggested by 
various investigators. Distaso (1917) recommended a pancreatic 
digest of beef or sheep serum. Pringsheim (1918) inoculated a 
pepton medium with B. mesentericus, incubated the culture for 
five days, filtered and used the sterile filtrate as a test medium for 
indol production. Norton and Sawyer (1921) suggest Cannon’s 
hydrolyzed casein as a good medium for indol formation. The 
author (1921) has noted good indol production in casein digest 
medium. Zipfel (1912) made a synthetic medium containing 
pure tryptophane and reported excellent indol production. 

An experiment was carried out to determine what simply 
prepared medium fulfilled the requirements for indol production 
by indol-positive organisms. The following nitrogen complexes 
were employed: 


1. Tryptic digestion products of ) 
Pfanstiehl’s C.P. casein 
2. Tryptic digestion products of | 
ee ee So" | These were prepared by the 
Hammarsten’s C.P. casein | ‘ : 
> method given by the author 


3. Tryptic digestion products of 
Merck’s commercial casein 

4. Tryptic digestion products of 
Klim (skim milk powder) | 

5. Difco pepton 

6. Difco pepton plus 0.01 per cent tryptophane 

7. Fairchild’s pepton 

8. Fairchild’s pepton plus 0.01 per cent tryptophane 

9. Witte’s pepton 

10. Witte’s pepton plus 0.01 per cent tryptophane 

11. Difco “tryptophane digest” 


(1924) 

















INDOL STUDIES 463 


Ten grams of each pepton or digestion product, or the equiva- 
lent, were employed for each liter of medium. A salt mixture’ 
was substituted for meat extract. The reaction was adjusted to 
pH. 6.8 to 7.0 and sterilization was effected by autoclaving for 
fifteen minutes at 15 pounds extra pressure. 

Four tubes of each medium were inoculated with the test organ- 
ism. Indol production was noted after forty-eight hours incuba- 
tion at 37°C. Sterile controls were run by all methods on each 
medium. Young cultures of three indol-positive Bact. coli strains, 
one indol-positive Bact. aerogenes, one indol-negative Bact. coli 
and one indol-negative Bact. aerogenes were employed as the test 
organisms. 

Results of this experiment may be summarized as follows: 


1. All controls were indol-negative by all tests. 

2. The indol-negatives were negative in all media by all tests. 

3. Gnezda’s, Béhme-Ehrlich’s and Gore’s tests agreed in all cases. 

4. Media 1, 2, 3, 6, 8, 10 and 11 gave strong indol-positive tests by 
all methods with indol-positive organisms. 

5. Medium 7 gave a strong positive with indol-positives except one 
strain of Bact. coli. 

6. Medium 4 was negative by all tests. 

7. Media 5 and 9 gave negative or only weak positive tests with all 
positive organisms. 


This experiment was repeated in part, employing only media 
1,6,8and11. Nine indol-positive strains of Bact. coli, one indol- 
positive Bact. cloacae, one indol-positive Bact. aerogenes, two 
indol-negative strains of Bact. aerogenes and one indol-negative 
Bact. coli were employed as the test organisms. Results were 
entirely in accord with those of the first experiment. 

From the results of these experiments, it is apparent that pep- 
ton plus tryptophane, casein digest or any medium containing free 


es 

EE a peo ee ear 0.2 gram 

Site re ee ee 0.1 gram per liter of medium. 
tre Se Ee eke ava cvada cu 1.0 gram 
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tryptophane which will support the growth of the test organism 
can be employed for indol formation. All of the media which 
gave good indol formation gave positive tests for free trypto- 
phane. There was no sugar present in any of these media except 
in number 4. The salt mixture appeared to be a very good 
substitute for beef extract and had the advantage of being 
standardized. 


III, OTHER FACTORS INFLUENCING THE PRODUCTION OF INDOL BY 
BACTERIA 


Wyeth (1919) states that certain sugars inhibit the proteolytic 
activity of Bact. coli and therefore interfere with indol production. 
Two per cent glucose stopped indol formation completely; 2 
per cent lactose and maltose almost completely; 2 per cent 
sucrose and mannitol only partially, and 2 per cent starch not at 
all. Appelmans (1921) confirms these results, reporting that 
fermentable sugars inhibited or completely stopped indol pro- 
duction by Bact. coli and Proteus vulgaris. Bact. dysenteriae 
produced indol in the presence of all sugars except glucose, and 
V. cholerae formed indol in the presence of all sugars. 

In this work an experiment was carried out to determine the 
amounts of glucose, sucrose and lactose that were necessary to 
inhibit or stop indol production. Two media were employed, 
a casein digest medium and a medium made with Difco pepton 
plus 0.01 per cent tryptophane. The sugars were sterilized in 
water solution and added aseptically to the broths in the following 
percentages: 0.5, 0.25, 0.1, 0.05, 0.025 and 0.01 per cent. 


Results 


In forty-eight hours an indol-positive strain of Bact. aerogenes 
gave strong indol tests in both media containing glucose up to 0.1 
per cent. Jn seventy-two hours the 0.25 per cent glucose media 
were positive. After one week there was no positive indol test in 
either medium containing 0.5 per cent or more of glucose. 

It required more glucose to affect the indol production of a 
strain of Bact. coli; 0.25 per cent glucose media showed strong 
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indol in forty-eight hours and 0.5 per cent in seventy-two hours, 
but 1 per cent glucose media were negative after one week. 

Five-tenths per cent glucose completely stopped indol forma- 
tion by a strain of V. cholerae. 

Two strains of Bact. coli, one of Bact. aerogenes and one of V. 
cholerae gave a strong positive indol test in media containing 1 
per cent sucrose after forty-eight hours incubation at 37°C. 

The results of both experiments are in agreement with those of 
Frieber (1921) who stated that indol was not produced in the 
presence of easily used carbohydrates. However, small amounts 
do not appear to stop indol production where other constituents 
of the test medium permit vigorous growth of the organism. In 
other words, if the easily used carbohydrate is present in small 
amounts, so that it can be entirely used up by the organism with- 
out the metabolic products interfering with its growth, then it 
can attack any tryptophane present with the resultant produc- 
tion of indol. The time factor must be taken into consideration 
of course. 

Zdansky (1922) observed that indol formation is most rapid at 
the optimum pH for growth of the test organism. Wyeth (1919) 
stated that indol production is retarded by free acid or alkali. 
Barthel (1921) had difficulty in using Zipfel’s tryptophane 
medium and discovered that this was due to the reaction. His 
results were best when the sterilized medium had a reaction of 
pH 6.3. 

An experiment was carried out to determine the effect of vari- 
ous chemical reactions upon indol production. Casein digest 
broths were prepared having the following reactions; pH 5.0 to 
pH 9.0 with intervals of 0.5 on the pH scale. 

These media were inoculated with five strains of Bact. coli, 
two of V. cholerae, one of Bact. cloacae, one of V. Metchnilom 
and one of Bact. aerogenes, all indol-positive strains. 

Wherever apparent growth was secured, strong reactions were 
obtained in forty-eight hour cultures. Therefore, it appears that 
the pH of the medium affects indol formation only as it affects the 
growth of the organism. 

It has been suggested to the author that perhaps indol-negative 











466 WALTER L. KULP 


bacteria do produce indol, but that they use it up as quickly as it 
is formed. ‘This point was studied in the following manner. 
Five media were used: 


—_— 
— 


Salt mixture 

Salt mixture plus 0.1 per cent glucose 

. Salt mixture plus 0.1 per cent Difco pepton 
Salt mixture plus 0.1 per cent casein digest 
. Salt mixture plus 0.1 per cent casein digest 


~ 
— 


» plus indol 


nim cor 


~ 


Indol was added to each of the first four solutions so that there 
was a final concentration of one part of indol to 25,000 parts 
medium. This amount of indol gives a strong indol test by the 
accepted methods. 

The test organisms employed consisted of five indol-positive 
strains of Bact. coli, one indol-positive Bact. aerogenes, one strain 
each of indol-positive V. cholerae, Bact. dysenteriae and Proteus 
vulgaris, two strains of indol-negative Bact. coli, three strains of 
indol-negative Bact. aerogenes, indol-negative Bact. paratyphosum, 
B., Staph. aureus and Staph. albus. 


Results 


1. There was no reduction of indol or apparent growth of any 
of the test organisms in media 1 and 2. 

2. There was no reduction of indol in media 3 and 4, although 
growth was heavy in every case. 

3. All of the indol positives gave a strongly positive indol 
test in medium 5. On the other hand the indol-negatives proved 
to be negative. 


An attempt was made to induce indol production by continued 
sub-culturing of indol-negatives in a medium rich in tryptophane, 
but this was unsuccessful. 

The action of a number of organisms, some indol-positive and 
others indol-negative, was studied in media in which tryptophane 
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was the only source of nitrogen. The media employed were 
prepared as follows: 


1. Salt mixture plus 0.1 per cent tryptophane 

2. Salt mixture plus 0.1 per cent tryptophane plus 0.1 per cent 
glucose 

3. A control medium made up with casein digest 


For inoculum, 0.1 ec. of a saline suspension of the test organism 
was used. 

All cultures were incubated at 37° for four days and tested for 
indol. The organisms employed which had been found to be 
indol-positive by previous tests in casein digest and tryptophane- 
Difco media gave 4 plus indol tests in media 1 and 3. Growth 
was heavy in 3 but questionable in 1. Growth was more in evi- 
dence in medium 2 than in medium 1, but no stronger than a one 
plus indol test was found to be given by any organism in medium 
2. Three cultures of Bact. aerogenes which had been indol-nega- 
tive in casein digest or Difco-tryptophane media, gave slight 
indol production in medium 2, where they showed positive growth. 
B. paratyphosum B was the only other organism to show visible 
growth in medium 2, but this culture gave no test for indol. 
Jones and Zinninger (1921) stated that staphylococci grew in 
media with tryptophane as the only source of nitrogen, but that 
no indol was produced. 

It is apparent that a very slight action of indol-positive organ- 
isms upon tryptophane is sufficient for indol liberation. On the 
other hand, an ever greater growth by indol-negatives in the same 
medium is not accompanied by the formation of indol. This is 
rather in accord with the theory of Neisser (1921). The point 
requires further investigation. 

A number of strains of various species were studied in regard to 
their ability to produce tryptophane or indol or both from a 
medium containing complex nitrogenous substances but giving 
no test for free tryptophane. 

The sole source of nitrogen in the test media consisted of three 
different samples of casein and Difeo and Whitte’s peptones. 
The casein was dissolved (2 grams to 500 cc. plus salt mixture 
in alkali and adjusted to pH 6.8. 
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These media were inoculated with the following organisms: 


B. megatherium 

Ps. fluorescens var. non-liq. 
Ps. fluorescens var. liq. 

E. prodigiosus 

Bact. coli 

Bact. aerogenes 

Bact. dysenteriae 

Bact. typhosum 

Proteus vulgaris 

Staph. albus 

Staph. aureus 

Bact. paratyphosum A and B 
V. cholerae 


After a week of incubation at the optimum temperature for each 
particular species, some of the medium was withdrawn and tested 
for indol. The remainder of each culture was placed in tubes, 
5 ec. to a tube, and sterilized. It was then inoculated with an 
indol-positive Bact. coli. V. cholerae was the only organism that 
was able to produce indol in all five media. 

E. prodigiosus, Ps. fluorescens var. liq. and B. megatherium 
broke down the casein so that Bact. coli produced small amounts 
of indol in the digested casein medium. 

The Difco pepton medium used here gave a positive indol test 
before inoculation with an indol-positive organism; i.e., indol 
was present as an impurity. However, the intensity of the 
reaction increased after incubation with an indol-positive strain of 
Bact. coli for five days at 37°C. 

Indol-positives, with the exception of V. cholerae, apparently 
are not able to break down the complex casein with the splitting 
off of indol. With a comparatively long period of incubation, 
indol-positives can break down some peptones, solutions of which 
give no test for free tryptophane, with the splitting off of indol. 

On the other hand, some species elaborating a protease, break 
down the protein, casein, to a less complex nitrogenous substance 
which does not give the test for free tryptophane but which can 
be acted upon by indol-positives with the production of indol. 
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IV. PRACTICAL APPLICATION OF METHODS STUDIED 


About 40 different species comprising a total of over 100 cul- 
tures were studied in regard to their property of producing indo! 
in a suitable indol-testing medium. 

Five media were employed: 


. Casein digest 

. Difco pepton plus 0.01 per cent tryptophane 

. Fairchild’s pepton plus 0.01 per cent tryptophane 
. Difeo “Tryptophane”’ digest 

. Zipfel’s medium (Barthel, Chr., 1921)* 


or WN 


Each culture was run in duplicate in each medium. The 
Gnezda, Goré and Béhme-Ehrlich tests were used with each 
culture. 

When a culture showed good growth in forty-eight hours, the 
indol test was made at that time. When growth was rather 
scanty, seventy-two or ninety-six hour cultures were employed. 

In general, it appears that, in using any of the 5 media 
employed in this experiment, if an organism is going to produce 
indol from the tryptophane present, the test will be strongly 
positive within forty-eight hours or at the appearance of good 
growth. It does not seem necessary to carry the incubation 
period any longer. A number of indol-negatives were tested 
at intervals up to three weeks incubation, with noevidence of indol 
production. 


* Zipfel’s medium = 


per cent 
i ibatredctabheneeantniéeciekatsawkhie 0.5 
ni cnc ckwrkdedekossneece 0.5 
Pi aibcidithnebebthiecdictaceecsaaesean 0.2 adjusted to pH 6.8 
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The Gram-negative organisms employed in this study consisted 
of different strains of the following species: 


or 


of Bact. aerogenes 

of Bact. coli 

of Bact. dysenteriae 

of Bact. typhosum 

of V. cholerae 

of proteus 

1 of V. Metchnikovi 

2 of Ps. fluorescens 

9 species of Paratyphoids (32 strains in all) 


_ 
whe vw 


bo 


w 


The Gram-positive species consisted of members of the B. 
subtilis group, and various species of cocci. 

No Gram-positive species were found to produce indol. Frieber 
(1921) stated that no Gram-positive bacteria were known to pro- 
duce indol. However, Morrison and Tanner (1922), in a study 
of 52 strains of Gram-positive thermophiles, reported that the 
majority of these produced indol. 

Of the Gram-negatives, none of the typhoids or paratyphoids 
studied produced any indol. All of the Proteus forms, the Vibrios 
and Bact. dysenteriae were indol-positive. Twelve of the Bact. 
coli and two of the Bact. aerogenes strains were positive. 

All five media gave the same results throughout, and the three 
methods of testing for indol checked up in every instance. 


SUMMARY 


1. Suggestions are given for a standardized procedure in test- 
ing for indol production by bacteria. 

2. The Béhme-Ehrlich, Goré and Gnezda tests are apparently 
satisfactory. 

3. A good medium for indol production by bacteria should 
contain free tryptophane. 

4. It does not appear that indol-negative organisms use indol; 
neither can they be induced to produce indol by continued sub- 
culturing in a tryptophane medium. 

5. Satisfactory hydrogen ion concentration for growth of a 
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bacterial species will also prove favorable for indol production 
by that species. 

6. Media containing small amounts of utilizable carbohydrates 
and sufficient buffer substance may be employed in testing for 
indol production by bacteria. However, indol production will 


be delayed in proportion to the amount of carbohydrate present. 
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During the course of time a number of works have been written 
on the subject of bacterial variation, and most bacteriologists 
have now and then met with the experience that a given bacterial 
culture has behaved in a manner different to that usually seen. 
Interest in this subject has become more active during recent 
years, because it has become clear to many bacteriologists that 
these variations are of considerable importance, both practically 
and theoretically. The discovery of d’Herelle’s virus has cer- 
tainly contributed a great deal towards this view, as it has 
become a common occurrence for bacteriologists who have worked 
with this agent to see radical variations arise in the bacteria they 
are handling. 

It would lead too far to touch upon the literature on this 
subject; we will therefore simply give a brief description of the 
observations we have made in the examination of a paradysentery 
culture belonging to the Group III as defined by Sonne at this 
Institute as this organism shows a very marked inclination to 
vary, and in other respects is of interest, especially with regard 
to the d’Herelle phenomenon just referred to. 

The culture in question was a laboratory culture of medium 
age. A pure cultivation was first made by a method devised 
by one of us, and only after this treatment was it subjected to 
examination. With regard to the method itself it need only be 
mentioned that to a very great extent we have made use of 
direct microscopical examination of the culture on agar in Petri 
dishes and have followed the development of the various colonies 
from their commencement, until growth ceased. This method 
often gives information which can with difficulty be obtained 
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even with the most exact macroscopic observation and yields 
much more certain knowledge as to whether one’s variants are 
actually pure. 

On examination of this culture we found that by cultivation on 
ordinary substrata the culture divided itself into different vari- 
ants, which on their part were more or less constant.! 

On an agar dish was spread a stab culture in extract bouillon 
agar, about fourteen days old, which had been kept in the ther- 
mostat at 37° for twenty-four hours and the remainder of the 
time at room temperature; it was seen, very clearly through the 
microscope, that there arose two kinds of colonies; some were 
almost round and fairly sharply contoured, while others grew 
more diffusely with irregular, winding edges. The various ele- 
ments in the first-named kind of colony, which we will call 
“V,”’ proved to be short, stumpy bacilli, while the elements in 
the last-named were longer and extremely polymorphic; and, 
what struck one at once was the very early decay in the center 
of the colonies. The bacteria here were granulated and many 
cells, even in 12 hours’ old colonies, were quite degenerated. 
Finally, after several days’ growth, the central decay in the 
colonies became macroscopically observable in the appearance of 
fairly large holes, which involuntarily directed one’s thoughts 
towards the question of ‘‘Bacteriophage.”’ We will later on 
return to the question of bacteriolysis in this variant, which we 
will call “B.”’ In the V colony too there appeared bacteriolysis, 
which is a fairly common phenomenon with the paradysentery 
bacillus, but very much later than in the B colony and much less 
prominently. 

Subcultivations were now made from the two different colony 
forms V and B, and it was found that the newly formed colonies 
all resembled those from which they were sown, and when fre- 
quent resowing was performed, both colony forms kept quite 
constant on the surface of ordinary bouillon pepton agar through 
numerous subcultures. 

We now commenced to examine the properties of these two 


1 We have purposely avoided the term ‘‘mutations’’ as this appears to us to 
be misleading as far as bacterial variation is concerned. 
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colony forms more closely. In bouillon it was seen that they 
grew very differently. V always grew diffusely in the first 24 
hours, whereafter there appeared a coarse fluffy precipitation; 
whereas B kept to the bottom of the bouillon, while the liquid 
above it remained practically clear. The sediment was easily 
shaken up, but always settled quickly again. 

By daily spreadings on agar from the bouillon cultures of V 
and B which were kept constantly at 37°, it was seen that after 
a few days both again divided themselves into two, the original 
and a varying form. 

As far as V was concerned, there appeared in the agar spread- 
ings after a couple of days’ growth at 37° two kinds of colonies, 
those which resembled the original V colonies and others which 
were much more dense and microscopically consisted of somewhat 
shorter forms than the elements in the V colonies. The boundary 
between the two colony forms when lying close to each other was 
always quite well defined, which by the way is a general rule 
with variations in bacterial colonies, and it was almost always 
easy to find places in the colonies where one could definitely 
divide them one from the other,a problem which is naturally, 
especially here, of capital importance. 

With B, too, it was seen that after a couple of days’ growth in 
the bouillon at 37° and subsequent spreading on the agar surface 
there appeared two kinds of colonies, normal B colonies, and 
those which resembled them microscopically but did not present 
the same polymorphy and did not decay like the original B colo- 
nies. On cultivating the two new variants in bouillon it proved 
that in the bouillon they grew differently to both V and B. We 
will call the form separated from V “‘M,” and that separated 
from B “Bu.” M grew right from the commencement with 
large, loose fluffs which partly sank to the bottom of the bouillon, 
whereas Bu grew rather similarly to B, except that the bouillon 
over the sediment was always rather turbid and fluffy. 

Thus we now had to do with four variants, which grew differ- 
ently on the most ordinary substrata and which retained their 
peculiarities if the resowing was only sufficiently frequent. 

As we have already mentioned, V always divided itself on 
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being cultivated in bouillon into V and M, and on longer cultiva- 
tion in agar stab in extract agar into V and B. M and Bu on 
the other hand remained quite unchanged, even after very long 
cultivation in both solid and liquid substrata, and never showed 
signs of going back to V and B. This division of V into M and 
B, when first it commences, rapidly proceeds, so that M and B 
quickly dominate the spreadings and finally V quite disappears. 
Once this happens it is not possible to get hold of it again. This 
latter phenomenon we have experienced ourselves with the 
museum culture we have worked with here. 

It was not only in a morphological respect that these four 
variants differed. In regard to agglutination, it proved that the 
typical bacillus if we may so call it, V, agglutinated a Group III 
serum to the titer limit while none of the other variants showed 
the slightest trace of agglutination. (With agglutinations we 
always worked with suspensions of twenty-four-hour agar cultures 
in bouillon with a little formalin added as this proved to be the 
only manner in which we could obtain clear results.) 

We then made agglutinating sera from rabbits for the variants 
V, Band M. As far as V and B are concerned we got excellent 
agglutinating sera, whereas M showed no power of agglutination. 
Table 1 shows the most important of the agglutination results, 
partly by direct agglutination and partly by agglutination after 
absorption. As this table shows, one may justifiably call these 
variants different types in a serological sense. 

If we pass to the results found by fermentation tests with a 
number of sugars, differences are also apparent (see table). 
While V and M remained the same, it proved that B and Bu fer- 
mented a number of sugars which V and M never touch. 

In view of results like these a number of theoretical questions 
arise, but we have decided to limit ourselves to a sober descrip- 
tion of the actual circumstances as we have found them in this 
culture. Recent experience in this laboratory seems to show that 
these divisions also take place in the human organism, so that 
in a practical diagnostic sense too it is a problem of importance. 
For instance we have found strains of bacteria which altered the 
way in which they grew and fermented sugars like bacilli belong- 
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ing to Group III which only agglutinated with a B serum which 
is different from all the strains which we possessed in the lab- 
oratory. 

In conclusion we will only go a little further intothe question 
of the excessive autolysis mentioned above in the case of B which 


TABLE 1 
Group III Serum + V 
Group III Serum + M 0; 0! 0} O|} O|} O|] O 
Group III Serum + B.. 0; 0; 0]; O}] 0; 0} O 
Serum V + V } | ! \ i ! a! oa 
Serum V + M + } 0 0 0 0 0 0 0 
Serum V + B 0 0 0 0 0 0 0 0 0 
Serum V + Bu 0 0 0 0 0 0 0 0 0 
Serum V absorbed with V + V 0! 0/} 0] O 0 0 0 0 0 
Serum V absorbed with M + V ' } + 4 0 0 0 0 0 
Serum V-B + V 4 n 4 n ; n 0o| 0 
Serum V-Bu + V...... + + , + } ; { 0 0 
Serum M + M + } " 0 Oo 0 0 0 0 
Serum M + V.... 0!' 0! 0; O| 0} 0} OO! O 0) 
Serum M + B... 0! 0! 0] O} O|} OO} O () 0 
Serum M + Bu.... 0| 0} O| 0} O} 0} O} O 0 
Serum M absorbed M + M 0 0 0| 0 0 0 0 (0 
Serum M-V + M... ; } 0 0; 0; 0 0 0 0 
Serum M-B + M } " 0 0; 0! 0 0 0 
Serum B B 0 0 0 0 
Serum B Bu . ' 
Serum B + V i 0 0 0 0 0 0 ) 0 
Serum B M " 0 0 0 0 0 0 ( ) 
Serum B-Bu + Bu 0 0 0 0 0 0 0 0 0 
Serum B-B + B... 0 0 0 0 0 0 0 0 
Serum B-M + B rt : " ! ! , ) 
Serum B-M + Bu 


Serum B-V + B.... 9 0 \(4 4 i , 0 


involuntarily led our thoughts to the bacteriophage of d’Herelle. 
In several respects, however, after a little closer investigation, it 
presented differences from this phenomenon. For instance it 
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is very seldom that one can spread from a colony infected with 
d’Herelle’s “‘virus’’ and rediscover the “‘virus’’ in all the new 
colonies regardless of how vigorously the spreading is done. 
Spreading is indeed one of the methods of dividing the “‘virus’’ 
from the bacteria. 

On filtering twenty-four-hour cultures of B through a Berke- 
feld filter we really succeeded in obtaining a filtrate which appar- 
ently had a lytic effect upon various bacteria, most pronounced 
for M and a Shiga-dysentery bacillus, so that a few drops added 
to 10 ce. bouillon simultaneously with the sowing of the bacteria 
in question, completely prevented growth, but in the tubes in 
which the concentration was less, the growth was only transi- 
torily prevented. It was not possible to prove any increase 
of the lytic agent. 


TABLE 2 
— —————— - a = 
a 2 
_ © ba Py P= 
7 S cS) L = = = a w Zz 
Piel el Sl Si sl else a) 2ls 
SIE als IibIizgl el eigisi el & 
re] Zz < : > Zz 5 - Hy 5 ¥ a 
= < = r az < = < > < a - 
a 2 < <3 “ 2 a = a o a “ 
| SST eee -—-|+/]+ +i+]—|- +|-j|- 
M —-i}+/+/+/4+/4+/-|-|- - 
-_ é. 7% + ve x A. . 3 1 4 4. 
ecceccocees Tt Tt 2 
Bu ee a + “+ -. + 4. 4. +. + 4 4 





On the agar surface it was also easy to show the very great 
restraining influence exerted by filtrates of quite young bouillon 
cultures. The experiment was repeated in this way: An area, 
4 ecm. square was inoculated with the bacilli in question, after 
which filtrate was added in varying dilutions. One drop of 
filtrate diluted 1:200 was able, when spread over the area named, 
to prevent completely the growth of both M and the Shiga- 
dysentery bacilli, while several other bacilli were apparently not 
restrained even by the concentrated agent. 

It was very interesting to see that often, after incubation 
lasting two days or so, some few scattered colonies appeared on 
the area treated with the filtrate. These bacteria proved on 
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closer observation to be insensible to the filtrate, that is to say 
resistant, as we know it from bacteriophage researches. 

Neither V, Bu, nor M formed any lysin which we were able to 
demonstrate by a similar method. 
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INTRODUCTION 


This series of studies is being written on the assumption that 
all thoughtful bacteriologists will weleome information that 
really comes to grip with the realities behind such problems as 
the following, viz., the reason for the inagglutinability of freshly 
isolated typhoid strains, the origin of spontaneous agglutina- 
bility in salt solutions, the origin of cultural and serologic hetero- 
geneity as shown especially among the enteric organisms, the 
normal mechanism for the origin of variants and biotypes in 
pure line strains, the essential homogeneity of the three so-called 
species of organisms causing blastomycosis, and the significance 
of secondary or daughter colonies among the bacteria. The 
studies also involve an inquiry into the real significance of the 
pleomorphic cycle and a clue is afforded to that most interesting 
of medical questions, viz., the origin of virulence under natural 
conditions. 

These studies aspire to interpret morphology, broadly speak- 
ing, in the light of function; to associate, but not to identify 
changes in function with certain definite morphologic alteration. 
Physiology has been made to serve always as the court of last 
resort when morphologic change appeared important. It has 
been nearly fifteen years since we were started on these studies 
by reason of certain observations, which current bacteriology 


1 From the Department of Laboratories, Highland Hospital. 
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could not then explain, and as we clearly see now, never can 
explain. In the search for a satisfactory explanation many 
similar observations were uncovered, now easily verifiable 
matters of fact, which demand explanation instead of prejudg- 
ment. Hints, in the form of studies previously published, have 
indicated all too inadequately the far reaching theoretical and 
practical importance of thoroughly controlled observations in 
the field of bacterial genetics. 

In brief, the method of attack has been to insure pure line 
cultures by isolation of the single cell, hundreds of which have 
been segregated as occasion required. Furthermore, the techni- 
cian of the modern laboratory has had no place in these studies; 
indeed the services of no second person has entered into any 
essential portion of the work, even to transplanting cultures 


PREVIOUS WORK 


From the earliest days of bacteriology until the present time 
occasional workers have observed what they have believed to 
be evidence of a sexual cycle for certain of the bacteria, but the 
view has never met with general acceptance. This has been 
the result, partly of the very scant and fragmentary character 
of the evidence, based as it was entirely on morphology and at 
best only suggestive of a series of changes that were to culminate 
in sexual reorganization. Even such a strong proponent of the 
idea as Loéhnis (1921) admits that a great deal of what has been 
thus far repprted upon the problem is rather unsatisfactory. 

This, together with the fact that medical bacteriologists have 
regarded the fundamental biology of bacteria as a thing apart 
from their interest, has not permitted them to be as receptive 
toward work in this field as might otherwise have been the case. 
Contrast for example, the ready acceptance of Schaudinn’s 
discovery of the Spirochaeta pallida as the cause of syphilis 
with the general apathy in regard to his work on autogamy with 
B. biitchlii (1902) and B. sporonema (1903). In the same cate- 
gory are the names of von Prowazek, Hueppe and others (see 
Léhnis). The fragments of work in this field are collated by 
Léhnis (1921) in his review of the life cycles of bacteria, which 
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makes it unnecessary for me to consider to any extent the litera- 
ture of the subject. It is probably fair to state that nothing of 
a convincing nature has yet been accomplished. 

It is our purpose to show that there is a process occurring with 
bacteria which appears to parallel in most of its details the proc- 
ess of zygospore formation which has been proven to occur 
among yeasts, and furthermore that the forms so produced may 
play a réle of primary importance in the further evolution of 
the culture in its physiologic, biochemic and immunologic as- 
pects. The essentials of this study were first presented before 
the Society of American Bacteriologists in December 1921, 
an abstract of which appeared in the Abstracts of Bacteriology 
(1922a). 


EXPERIMENTAL 


The strain of B. coli which we shall designate as Nx was 
isolated from the urine of a case of pyelitis in which it grew 
with such pleomorphism as to suggest a fungus. In addition 


to long filaments, some of which branched, many very large 
coccus-like forms were encountered developing from the fila- 
ments (fig. A). It was clearly shown that this remarkable 
pleomorphism was quite dependent on the fact that the patient 
had been taking utropin and sodium acid phosphate, to which 
she proved quite intolerant. Taken off the utropin the pleo- 
morphism quickly disappeared, nothing but normal looking 
B. coli being found (fig. B). Fungoid developments would 
immediately reappear when she was given the utropin. 

That there was nothing specific in a narrow sense about this 
environment was proven by the fact that other environments 
which could be better controlled also developed a similar picture, 
although on plain agar and broth the organism grew as does 
the usual coli organism. The conditions for zygospore forma- 
tion will be discussed more in detail presently, but it will be 
pertinent here to outline the preparation of the media in which 
best results were obtained with this organism. 

Broth was prepared in the usual way from veal, but in addi- 
tion to the 0.5 per cent salt and 1 per cent Difco peptone, 1 per 
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cent of disodium glycerophosphate was added to the medium. 
It was autoclaved at 15 pounds pressure for from fifteen to twenty 
minutes and the resulting precipitate, which was moderate in 
amount and produced no change from the original pH of 6.8, 
was filtered off and the broth again autoclaved the same as 
before. A moderate amount of precipitate formed with a 
marked change in the color to a dark brown or mahogany. After 
several days in the ice-chest this precipitate entirely redissolved, 
leaving a perfectly clear broth with a pH of between 6.8 and 7. 

A culture of the strain Nx, isolated from a single cell was 
seeded in the broth at 37° and was kept there for 72 hours, after 
which it was placed at room temperature (Baerthlein’s experi- 
ment). Pellicle formation and sediment in addition to turbidity 
were present. Every day or two this culture was streaked on 
an Endo plate and incubated at 37° for from eighteen to twenty- 
four hours. The Endo agar had the same broth base as de- 
scribed above and enough of the dye was added so that the 
plate became colored after twenty-four hours in the incubator. 
This medium was unsuitable for coli-typhoid differentiation, due 
probably to its pH of 6.8. The Endo was prepared according 
to the directions given in Stitt’s “Practical Bacteriology” except 
that the reaction was 6.8. 

The colonies were of the spreading rough type and at the 
periphery were made up of rather long interlacing threads. It 
was among these threads, the so-called fungoid forms of the 
organism, that zygospore formation was observed to best ad- 
vantage although it was also found among the normal forms, and 
under other conditions to which we shall refer. At room tem- 
perature the process tended to disappear, but reincubation 
resulted in further spreading of the colonies with a reappearance 
of the pleomorphic picture. 

Figure 1, taken from the work of Guillermond and Tanner 
(1920) gives a diagramatic view of the relatively simple process 
of isoganic conjugation or zygospore formation, which is clearly 
paralleled by figures 2-5 inclusive of B. coli. These figures 
represent different stages of the process shown in figure 1, which 
consists essentially of a fusion of adjacent cells of a filament, 
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looking to the ultimate formation of a zygospore. Figure | 
shows that the process may occur indirectly by means of 
peduncles. 

That this modification of the process also occurs with B. coli 
can be seen to good advantage in figures 6-10 inclusive. It 
should be noted, however, that this modification occurred in an 
eighteen-hour broth culture from a colony that appeared as a 
precipitate in the broth employed. This broth did not contain 
sodium glycerophosphate but was a veal infusion—1 per cent 
peptone and 0.5 per cent salt mixture which was brought to a 
pH of 7.4 with sodium hydrate, filtered and autoclaved. ‘The 
fact that the strain was spontaneously agglutinating in this 
broth, whereas the original strain was not, indicates definitely 
that it was a variant although its agglutinative reactions with 
the anti-serum from the original strain were unchanged. ‘he 
variant organism was derived as follows: 

To a modified Endo plate, seeding was made from a modified 
glycerophosphate broth (as previously described), which had 
stood at room temperature for two months following three days 
incubation at 37°. In addition to colonies containing organisms 
of normal morphology were spreading rough ones with many 
pleomorphic fungoid forms. The latter spontaneously agglu- 
tinated in “normal” broth. 

In figure 2 one observes a loop formation in the central thread- 
like figure, which is interpreted as an initial stage in the proc- 
ess. The loop is made up of two distinct cells which are part 
of the filament. In figure 3 the large goose-neck like organism 
shows two long, rather wavy chromatin filaments completely 
fused at the acute angle where they join, but as yet unfused in 
the distal portion. Note particularly in the right hand fila- 
ment the spiral character of the chromatin, a most important 
feature as will be amplified later. The cell protoplasm sur- 
rounding this chromatin is not stained satisfactorily. Figure 4 
shows a more mature zygospore. The stain was made intra- 
vitally. That its relation to the filaments in this picture is not 
artificial was proven by inducing currents in the specimen, thus 
causing these filaments to lash back and forward and the whole 
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specimen to change its position. The zygospore was not de- 
tached. Figure 5 shows another interesting form with unstained 
sporoid-like areas whose frequent association with these forms 
I have come to regard as an index of chromatic reorganization. 
It seems to spell an instability that often results in a new race 
under a suitable environment. Although no attempt has been 
made to study the fate of these spore-like bodies with this strain 
it is entirely conceivable that under a suitable environment they 
would rupture the cell and again germinate. We (1919) have 
shown this to be the case some years ago for another organism 
and the observation has been recently confirmed and extended 
by Tunnicliff and Jackson (1925). 

Figure 6 shows an early stage of the process characterized by 
peduncle formation. In figure 7 the two coccoids arising from 
stalks either overlap or are incompletely fused. In these fila- 
ments indications of the spiral arrangement of the chromatin 
is imperfectly made out. In figure 8 indications of two stalks 
can be seen at the point of division between the organisms but 
no fusion line can be made out. Much the same is true for 
the large form of figure 9 where the spiral chromatin enters 
directly into the formation of the zygospore. In figure 10 we 
see apparently the end results of both modifications of the proc- 
ess occurring after twenty-four hours, and characterized by a 
very large number of giant coccus forms, some of which have a 
definitely thickened cell wall suggestive of the yeasts. Note, 
too, the intracellular differentiation in the chromatin. 

In the filament of figure 11 is seen the tilting of the chromatin 
at the fusion point between two cells. This is one of the earliest 
stages in the process which is more advanced in figure 12. This 
is what I call the double golf club form on account of its fancied 
resemblance to two clubs with their heads in apposition. Note 
that no fusion has occurred. 

Figure 13 shows three of these forms in one field and in dif- 
ferent stages of development. The figure to the left at a) shows 
an indistinct line of separation between the two coccoid portions 
which have not yet completely fused. The figure to the right 
at b) shows two stalks present but fusion is complete, while the 
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figure at c) shows the very faintest line of fusion of the two un- 
equal segments. A separate peduncle can be made out in the 
negative for the smaller segment. In figure 14 no evidence of a 
fusion line is present. 

In our development of this subject we have made it a point 
to study this process as it occurs in the large fungoid phase of 
the cultures, and to find an environment that would help evoke 
this phase. The interpretation of the picture is made more 
certain in these larger forms where the details of the process are 
much more clearly delineated. The implication that the cul- 
tures may possibly be mixed was forestalled by starting them 
from single cells. This was made especially necessary owing to 
the enormous size that some of the forms developed. Figures 
15 and 30 for example grew in a medium prepared as follows: 

The patient’s urine from which the strain was isolated was 
buffered to a pH of 4.8 with KH,PQ,, the patient being on utro- 
pin at the time. The resulting precipitate was filtered off and 
the filtrate passed through a Berkfeld filter. Since the organism 
refused to grow in the urine so treated, about four drops of 
sterile human blood serum were added to 2 cc. of it. In twenty- 
four hours at 37° the organism grew moderately well, but pro- 
duced many large pleomorphic forms, which were further magni- 
fied by intravital staining and photographic reproduction at 
3500 diameters. This enabled the resolution of surprising de- 
tail as seen in figure 15 and figure 30. A consideration of many 
similar forms showing changes in the reproductive mechanism 
of the cell is left for a future communication. 

Figure 15 is deserving of attention aside from its size. If 
seen among the protozoa or other higher forms, one could con- 
sider that the micronuclei of two organisms were in contact, 
which is regarded as the sine qua non of true conjugation among 
certain of the paramecia. One could even consider the forms 
as differentiated into micro- and macrogametes. Without more 
study the form is of suggestive value only; yet figure 30 from 
the same culture shows a nuclear reconstitution that takes the 
form of a tangled skein; furthermore, it is easy to get the im- 
pression of a doubly contoured membrane. Such a structure 
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suggests an encystment, a change common to higher forms, 
which usually follows conjugation or the closely allied process 
known as association of nuclei. 

The significance of the large fungoid and branching forms in 
bacterial cultures is unfortunately not as well recognized as it 
should be, since bacteriologists have ceased to be interested in 
this phase of the subject. Although zygospore formation can 
be seen to better advantage among the larger forms, it occurs 
just as certainly among the normal sized forms of the organism 
as indicated by the series of figures shown from 16 to 22 in- 
clusive. Where several organisms are present in any one field 
the arrow points to the ones of significance. 

In figure 21 an infrequent but interesting modification of the 
process occurs, as is shown by the long sausage-like filament 
at its left end. Here a moderate sized circular body is attached 
to two cells by very slender filaments. An earlier stage of the 
process seems to be shown by figure 22 where the converging 
filaments have not yet developed a circular body at their junc- 
tion. Although figures 16 to 22 are from an eighteen-hour broth 
culture this process, among the more normal sized forms of the 
organism, also occurs on an agar plate as evidenced by figures 
23* to 26 inclusive. These forms were especially numerous in 
the secondary colonies developing on an Endo plate which had 
been incubated for twenty-four hours at 37°, placed at room 
temperature for a few days and then in the ice-chest for a week, 
where secondary or daughter colonies arose from the flat spread- 
ing colony. Although most of our figures are taken from rela- 
tively young cultures the process may continue in older cultures 
under somewhat different conditions—in this case at lower 
temperature. 

The double golf club form of figure 26 is comparable with 
figures 12 and 27, but the filaments of the latter delineate the 
process more clearly than the forms of normal size in figure 26. 
However, figure 27 is only a more highly magnified picture in an 
unfixed and hence unshrunken specimen, while figure 26 had 
been fixed. 

Note also in the filaments of figure 2 


a 


7 how the wave-like core 


*Fig. 23 should be reversed 
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of chromatin is differentiated from the cell plasma, and how by 
direct extension it contributes to the formation of the develop- 
ing zygospore. Figure 28 shows a similar form but fusion is 
more complete as indicated by the slight indentation at the top 
of the zygospore. 


ZYGOSPORE FORMATION IN RELATION TO UNINTERPRETED 
PLEOMORPHIC ANOMALIES 


a. The giant whips of Loeffler and Novy 


Many years ago Novy (1899) described certain curious 
structures found chiefly in the condensation water of motile 
bacteria which he termed giant whips. They occurred chiefly 
in two forms: First, as a single long slender spiral-like structure 
taking origin from the end of the bacteria, and second as a more 
complicated braided form not unlike the strands of a rope, 
usually spindle shaped. They were not flagella since they 
stained with simple dyes, although he was inclined to relate 
them to the flagellar mechanism of the cell. They were not 
motile. 

Perhaps the most constant concomitant feature of zygospore 
formation is the spiral reorganization of the chromatin in the 
filaments, to which we have already alluded. This interesting 
structure often enters directly into the formation of the zygo- 
spore (figure 3, 6, 7, 9, 27, 31). It may appear as a slender 
spirochaete-like central core running through the filament, or 
it may have a very distinct roped appearance as seen in figures 
31b and 32. The zygospore is seen forming ata in figure 31 and 
the spiral arrangement is present in the filament to its left. 
Indications of the manner in which this rope-like structure is 
differentiated are seen at b, while in figure 32 the strands are 
fully and strikingly differentiated. In figure 29 the simpler, 
less undulating type of spiral emerges from the end of the bacillus. 
These structures stained with the simple dyes and were non- 
motile. 

In figure 30 the skein-like character of the chromatin is particu- 
larly well seen and its probable sexual significance has already 
been discussed. It is well known that among many of the pro- 
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tozoa this chromatic reorganization known as the ‘Wurst 
formigeschlingen”’ is the most constant mark of sexual reorganiza- 
tion. The confirmation of this fact by observing what is regarded 
as a similar process among the bacteria is significant, and it seems 
entirely possible that Novy’s giant whips and our spiral chro- 
matic reorganizations are essentially the same. Certainly their 
characteristics and the mode of their origin as suggested by 
these figures, explains their arrangement better than the generally 
accepted view proffered by Loeffler, viz., that they were woven 
masses of ordinary whips. 


b. Meyer’s bacterial plasmodia 


Rather closely related to these structures is what A. Meyer 
(1912) spoke of as a plasmodium which occurs normally among 
certain fungi. It consists of a thread-like connection between 
two cells. It may be short or very long as seen in figure 29. 
In figures 33-37 inclusive, we see the short form of this thread- 
like connection between cells which at the middle point may 
swell out into a very definite chromatin granule. This is seen 
to advantage in figure 34, and a hint as to its significance is 
shown in figure 35 where a true branch is seen definitely arising 
from this granule. In figure 36 the resemblance to the zygo- 
spores as they occur among the normal forms of the organisms, 
e.g., in figures 11 and 12, is noteworthy. In figure 37 at a is a 
similar form somewhat further developed; it is seen to be 
associated with a very definite zygospore as shown at 6 of figure 
37. The beak-like structure seen at c was regarded by Hueppe 
many years ago as an index of sexual reorganization. I might 
add that in the urine from which this culture was originally 
isolated this slender intercellular thread-like structure occurred 
in such abundance as to form a matted network. It was easy 
to trace its origin from the end of the ¢ell, or as a ‘“‘naked” chro- 
matin filament connecting two cells (fig. 29). It frequently 
branched. 

c. Arthrospore formation 


The arthrospore, which in current bacteriology is practically 
obsolete, was originally regarded by Hueppe as a large coccoid 
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form of special resistance occurring among the cocci. There is 
no question that such forms among both bacteria and cocci do 
have a special resistance although not to heat. As I shall show, 
however, in a subsequent study I believe they have the same 
significance as they do among the bacillary forms, namely, a 
form of reorganization which makes possible the evolution of 
new developmental stages, or variants, if you please. Physio- 
logically speaking they can be regarded in the same light as the 
zygospores of the bacilli. 

Several years ago I (1920) published a study which showed 
clearly that these large forms were the immediate precursors of 
a new line of true cocci. As is shown in figures 38 and 39 their 
origin in this case from the so-called B. Hodgkini appears to be 
similar at times to that among the enteric organisms.? We 
designated them then as giant coccoids, their true biologic 


? The mechanism for the formation of these forms in the diphtheria group 
has not been worked out in detail as has been the case for B. coli. That they 
are always formed by the same mechanism seems doubtful. The fact that they 
are resting forms of increased resistance, as well as the seat of mutation change 
is of paramount importance physiologically, regardless of their morphologic 
origin or the name that we attach to them. Their physiologic similarity with 
the forms whose origin is clearly that of the zygospore seems to justify my pre- 
sumption in regard to most of these large coccoid forms that I know, viz., that 
fundamentally they have in common the reorganization necessary for the preser- 
vation of the life of the species, but in the extent of this reorganization they may 
differ among themselves. This difference has found expression in a host of names 
such as chlamydospore, arthrospore, ‘‘daurnenzellen,’’ gonidium, gonidiangium, 
acladial formation, zygospore, in addition to the meaningless term coccoid and 
the frankly erroneous term involution form. 

If one but keeps in mind that, broadly speaking, they may be viewed as 
branches of the same ‘‘reorganization tree’’ as is attested to by their physiologic 
similarity, one will not attach a too hard and fast significance to nomenclature. 
However, in the concrete case when the mechanism of their formation and their 
physiology is not clear, I like to regard them tentatively as gonidia, while still 
appreciating the progressive modifications that even these may undergo under 
suitable conditions. 

For example, among the yeasts it is common for copulation to precede ase 
formation, in which case the zygospore becomes the ascospore. They are stages 
of one process; And among the bacteria, as we have shown (1919) and as Tunni- 
cliff and Jackson (loc. cit.) have recently confirmed, the gonidium may become 
the gonidiangium which differentiates intracellular individuals capable of 
germination. Indeed one might regard their gonidiangium as the homologue 
of the asc. 
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nature being unknown to us. In figure 40 the differentiation 
of these forms, as described in the paper referred to, can be seen. 
Tetrad formation is very prominent and although this culture 
has settled down into a straight diplococcus it frequently shows 
very large coccoid reversionary forms. In a culture of B. 
alkaligenes isolated from the body in this large diplococcoid 
form we have been able to effect its development into a very 
long bacillary or thread form, thereby confirming the real sig- 
nificance of these forms among the cocci (1925). 

A recently published study (1922) gives further evidence of 
the physiologic significance of zygospores in respect of the 
development of new races of organisms. In this instance I 
have shown that the descendants of these coccoid forms (zygo- 
spores?) change permanently their stability in salt solution, but 
their germinating temperature was quite different from that 
of the antecedent bacillus which gave rise to them. The new 
stable race was serologically identical with the spontaneously 
agglutinable antecedent bacillus (N. D. strain). 

In the Nx strain (B. coli) we are able to associate definitely 
changes in fermentation of lactose with the development of 
these coccoids. The new strains showed great delay in acid 
formation while gas production was lost. Furthermore, we have 
been able to associate definitely changes of agglutinability of 
B. typhosus with this process. That it may occur in B. typhosus 
is clearly seen in figures 41 and 42. At this stage we can isolate 
a closely related biotype which is much less agglutinable than 
the antecedent type. The new type may take origin from the 
zygospores as was the case when a change in stability occurred 
with the N. D. strain. A derived variant of this same strain 
of typhoid bacillus shows development of the process in the 
large fungoid phase of the culture as previously shown for the 
Nx strain of B. coli. Various stages of this development are 
reproduced in the filamentous forms of figures 43 to 48 inclusive. 
This strain is quite inagglutinable. 

Although the details of this quoted work will be forthcoming 
in subsequent communications it seems desirable to anticipate 
thus briefly, so that the skeptical may appreciate that our evi- 
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dence for thus “vitalizing’’ his involution forms is based on 
something beside pure morphology. Jt is based on a _ process 
which throughout the realm of biology is known to condition, al- 
most, the development of new races and new characters. Darwin 
(1867) appreciated that “beings produced sexually are much 
more liable to vary than those produced asexually,’ although 
he did not foresee what later experimental biology has indicated, 
namely, that evolution itself appears to have the process of 
mutation as its mechanism. This correlation of variability 
and sexuality is not intended to imply that organisms conju- 
gate, simply that they may vary. Primarily, of course, sexual 
reorganization is a means of rejuvenation of the physiologic 
activities of the organism to secure the indefinite life of the 
species. It is by no means necessary that variation result, 
although such potentiality is brought nearer the surface by the 
disturbance of equilibria that sexuality itself implies. 

In connection with our studies on B. typhosus and the N. D. 
diphtheroid strain just referred to it is pertinent to quote the 
work of Almquist (1924), whose claims for the sexuality of 
bacteria rests in part on the hybridization of B. typhosus and 
B. dysenteriae by growing them in mixed cultures. ‘The criterion 
for the recognition of the hybrid is the agglutination test: the 
hybrid agglutinates in both sera whereas the maternal strains 
are specific. In light of the relative ease with which it is pos- 
sible to derive variants of B. typhosus of either increased or 
decreased flocculability it would seem essential to show that this 
hybrid actually contained agglutinogen for both B. typhosus and 
B. dysenteriae. The experiments would have been more con- 
vincing had this been done, of which there is no evidence. 

Convincing demonstration of such a spectacular feat is beset 
with another difficulty evidenced by the work of Meyer and 
Neilson (1920), who have shown that pure cultures of the single 
species B. typhosus, may acquire specific agglutinability for an 
antienteriditis serum as well as adsorptive capacity for the 
enteriditis agglutinins of the serum. This makes it necessary 
in hybridization experiments to rule out “spontaneous” varia- 
tion or the purely symbiotic influence of the accompanying 
strain. 
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Almquist (loc. cit.) also indicates the “‘haploid” and ‘‘diploid’’ 
arrangement of the nuclear chromatin as a mark of sexuality. 
I have frequently observed this with the diphtheroids especially 
with my N. D. strain when the reorganization associated with 
the diploid arrangement is likewise associated with the develop- 
ment of a distinct growth stage or variant. 

The great adaptability (variability) of microérganisms may 
permit a strain to lose its sexual and gonidial phases under con- 
ditions where previously they occurred in abundance. For 
example: The B. Hodgkini of figures 38 and 39 grew sparsely 
in the small bacillary form for many years after isolation, main- 
taining their viability as well as their ability to grow at 37° 
by forming these large coccoid forms, which were much more 
durable than the bacillus. In time the growth of the latter 
gradually became more luxuriant, pigment formation slowly 
appeared, until it is now viable over long periods of time without 
the formation of this special coccoid stage. 

Serologically it is clear that this organism is a closely related 
variant which dissociated spontaneously under conditions where 
variation so frequently occurs, namely, in old cultures, the 
original form of which is no longer viable. Here again is closely 
revealed the important consideration that an adapted strain is 
a variant strain, and is not primarily the result of an increased 
metabolism on the part of the organism. Although in this 
instance no mechanism of dissociation was traced, the fact that 
the culture was a pure line one leaves no doubt of the correct- 
ness of the conclusion and exemplifies the decisive value for 
genetic purposes of working with single celled strains over a 
course of years. Especially is this true when one has taken the 
precaution of developing immune sera for the original pure line 
strain. 

The inadequacy of current bacteriologic theory to recognize 
the precise nature of such adaptability has undoubtedly resulted 
in confusion where attempts have been made to reproduce 
variation experiments with the supposedly original strain. Im- 
portant genetic changes may occur in a strain which are accom- 
panied by little or no serologic modification. When the change 
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in the strain itself results in a race in which this coccoid or 
gonidial stage in its life history is suppressed, it is apt to be 
unfit for variation work, short of formulating a new set of en- 
vironmental conditions that will evoke this important stage 
in its life cycle. 


CONDITIONS UNDER WHICH ZYGOSPORE FORMATION DEVELOPES 


Accordingly it is scarcely to be expected that one should be 
able to formulate a fixed set of conditions in which this process 
should occur, even with a single group of organisms. It is 
possible, however, to lay down some general principles which 
often are of great help in its development. Zygospores have 
usually been observed to occur under conditions of marked 
aerobiosis such as pellicle formation and on agar slants. It is 
most clearly seen in the large filamentous phase shown in many 
of the photographs. This may occur naturally or special con- 
ditions may evoke it. Walker and Murray (1904) have ob- 
served that certain of the anilin dyes produce filaments, al- 
though they leave the interpretation an open question. An 
acid reaction as we have indicated is often of advantage. The 
process usually occurs within eighteen or twenty-four hours at 
37°, although as has been indicated spores also develop in the 
secondary colonies of older cultures at icebox temperature. 

The old experiment of Baerthlein has helped to produce them. 
Baerthlein’s method of producing variants was to grow an 
organism in broth culture for several days or longer at incu- 
bator temperature and to plate from this ageing culture at 
intervals. This method of producing variants has been success- 
fully repeated by many workers, and as I have indicated it was 
of value with our Nx strain in a modified broth, especially when 
the plating was made to modified agar, further changed by the 
Endo feature. The philosophy of the Baerthlein experiment 
has never been understood but the sum total of our experience 
indicates that very often the reorganizations so developing are 
along the lines here laid down, which would explain its success 
in developing variants. Lytic action for the young forms of the 
cultures has been frequently observed, and the recent experi- 
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ments of Arkwright (1924) suggest the possible relation of such 
lysis to transmissible lysis or the bacteriophage. The réle of the 
bacteriophage in producing the large coccoid forms which yield 
variants has been shown repeatedly by d’Herelle (1922) and 
others. 

Although in the years that we have studied this process we 
have observed literally thousands of these forms in different 
stages of development, we have attempted as yet but little 
warm stage work. The 4 priori considerations that seem per- 
haps to make such approach desirable fail to consider that the 
germination of these forms often demands a changed and some- 
what selective environment which usually transcends the limi- 
itations of the warm stage method. Even when positive the 
method would not be conclusive as a criterion of variability, for 
such multiplication might be considered by the skeptical as 
abortive in character. Inasmuch as our primary interest lay 
in a mechanism for variability the impractical character of this 
approach should be clear. 

On the other hand, leaving out the question of variability the 
warm stage method has shown that certain pleomorphic forms 
do reproduce freely, if atypically. Accordingly those who 
strongly prefer the method may find solace in the work of Hort 
(1917) with B. typhosus, of Bergstrand (1918) with B. diphtheriae 
and our own study of a fuso-spirillary organism (1919). Fur- 
thermore, a very recent study by Gardner (1925) from Dreyer’s 
laboratory in the University of Oxford, answers the often raised 
question in respect of the capacity for reproduction of the large 
branching (involution?) forms of the enteric group. By direct 
examination under the microscope he has clearly shown for 
seven species of this group that the branching “Y’’ forms may 
yield normal bacilli from any or all of the three points of the 
“Y,”’ which phenomenon he refers to as “Three-point Multi- 
plication.’”’ Furthermore, he finds in certain cases that the 
“Y” forms are closely connected with recognizable variation 
within the species. 

The physiology that we have shown, and will show, for the 
zygospore is just what one would expect on the pure assumption 
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that they are sexual in nature, and our primary interest still 
lies in the application of the idea to medical problems as indi- 
cated, rather than along pure botanical lines. Even so itis 
desirable that direct observation confirm the presumptive 
character of the evidence adduced. That the morphology of 
the process is so strikingly consonant with the sexual interpre- 
tation of its nature greatly strengthens the probability of its 
soundness. 


CONCLUSIONS 


1. It has been shown among members of the colon-typhoid and 
diphtheria groups that all stages of a process can be traced, 
which parallels in its morphologic details what is known as 
isoganic conjugation or zygospore formation, such as has been 
proven in recent years to occur with many of the yeasts. 

2. Previous studies, as well as work to be presented in the 
near future, indicate clearly that these zygospores—erroneously 
known as involution forms—will germinate under the proper 
conditions. 

3. Their germination and its direction as well, depends pri- 
marily on the extent to which they have been differentiated 
by the action of certain saturating environmental influences of 
which bacteriolysis appears to be but one. 

4. When the new environmental conditions are suitable for 
germination of these zygospores, their descendants may be seen to 
have acquired new characters, or perhaps to have had latent ones 
rejuvenated. The fact that the acquisition of virulence has 
been associated with the cyclic development of such new races 
suggests a most important bearing on many questions of infec- 
tion and immunity. 

5. Under certain conditions then, this process may become a 
mechanism for the dissociation of the pleomorphic cycle as it 
naturally occurs in the life history of all organisms, and forces 
us to regard bacterial pleomorphism in the same way in which 
we regard it among the fungi. Thus is logically explained the 
occurrence of stabilized coccus and bacillary stages of micro- 
organisms which may or may not be serologically related. Varia- 
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tion within pure lines of bacteria is thus, for the first time, 
given botanical correlation through the medium of a special evo- 
lutionary stage in their life history. 


SUPPLEMENTARY NOTE 


Some months ago, after the manuscript of this paper went to 
press, a recently appearing monograph entitled “Bakterien- 
Cyclogenie” was kindly loaned to me by Dr. Howard Brown 
of the Pathological Department of Johns Hopkins University. 
The author, Dr. Giinther Enderlein (1925) of the University 
of Berlin, describes a sexual cycle for V. cholerae attended with 
actual differentiation into male and female gametes, which he 
speaks of as the spermit @ and the oit @. The cycle has been 
traced with the living forms. 

In addition to a morphologic differentiation into two gametes 
that closely resemble the spermatozoon and ovum of the higher 
forms he observes that the spermit <@ is endowed with an active 
motility, quite teleologic. As a result the contacts that the 
spermit makes with the oit effects its fertilization. These 
sexual cells are derived in an as yet unexplained manner from a 
coccoid structure, the gonit, which in turn has its origin from 
the well known gonidium. The latter change, which appears 
to be a reorganization of the chromatin along rather definite 
lines, he claims to have successfully traced. 

It is of considerable interest that the gonidium after its trans- 
formation to the gonit is no longer viable on solid media, and 
even in peptone water, division figures in 5 to 7 hour cultures 
are notably few. Yet transplants from this broth to solid media 
result in luxuriant growth of V. cholerae with colonies much 
larger than the original strain. This paradox finds ready ex- 
planation in the circumstance that the peptone water, in addi- 
tion to furthering the differentiation of gonidian into gonites, 
facilitates the purposeful migration of the spermit @ for fertili- 
zation of the oit 9. The strain thus rejuvenated grows with 
unaccustomed luxuriance even on solid media. 

This is one of the few instances where he shows the influence 
of the sexual process on the further evolution of the culture. 
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Although little more than a suggestion of the far reaching 
evolutionary changes that sexuality may condition in a culture, 
this instance is quite confirmatory of the central theorem de- 
veloped in our published papers beginning in 1917 (see bibliog- 
raphy). This work, which has entirely escaped the attention 
of Enderlein, shows that the apparent non-viability assumed by 
current bacteriological theory for these “involution forms’? was 
the result of reorganization changes within them which, when 
completed under a suitable environment, resulted in viability 
that was often associated with the appearance of new characters. 
Although his is a more complex process than the simple zygo- 
spore formation that I describe its end results are physiologically 
similar as far as his work goes. He deals with the field of muta- 
tion, chiefly in a speculative way. 

It is of interest that with B. typhosus and B. diphtheria and 
many other species he has never been able to observe the dif- 
ferentiation of spermits and oits from the rather easily produced 
gonit stage, even though a variety of media was tried. Although 
it may be, as he suggests, that the proper conditions for their 
differentiation have not been met, in light of our own work with 
these two groups it seems more probable that zygospore forma- 
tion or some other modification of the sexual process obtains 
with them. The apparent haploid-diploid arrangement of Alm- 
quist (loc. cit.) with our N. D. strain and the autogamy de- 
scribed by A. Williams (1910) for the Klebs-Loeffler bacillus 
are examples. 
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MAGNIFICATIONS AND PREPARATION OF SPECIMENS 


The following magnifications correspond to the numbers of the photographs, 
which were made from specimens stained in their own liquor when possible. 
From solid media they were put in broth or NaCl solution 0.85 per cent, and 
stained with an aqueous solution of the dye bringing out the best detail—usually 
earbol thionin. Fixation artifacts are thus avoided while the organism appears 
somewhat larger than when fixed. 

X-1400: Nos. 2-8 inclusive; 11-14 inclusive; 16-20 inclusive; 23-33 inclusive; 
34-39 inclusive; 41-48 inclusive; Figure B. 

X-1500: Nos. 27, 40, figure A. 

X-1900: Nos. 21, 22, 26, 28, 29, 32. 

X-2000: Nos. 9, 10. 

X-3000: Nos. 15, 30. 
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The very excellent work done in the study of anaerobic bacteria 
isolated from wounds during the World War has indicated certain 
directions along which the sporulating anaerobes in general may 
be profitably studied. Some very useful media have been intro- 
duced, notably the cooked meat or cooked brain media. Better 
and simpler methods of securing anaerobic conditions have been 
devised, such as various developments of the anaerobe jar of 
McIntosh and Fildes (1916) and the use of vaseline on the sur- 
face of media in test tubes. The contributions of Wolf and Har- 
ris (1917, 1918, 1919), Bushnell (1922), Kendall, Day and Walker 
(1922), and DeBord (1923) demonstrated the usefulness of bio- 
chemical methods for the study of the anaerobes and the impos- 
sibility of understanding their activities without resort to such 
methods. The cultural and systematic studies of Weinberg and 
Sequin (1918), Reports of the British Medical Research Commit- 
tee (1917, 1919), Robertson (1916), MelIntosh (1917), Henry 
(1917), Adamson (1919), Heller (1920, 1921, 1922), and Hall 
(1922) have done much to untangle the descriptive literature of 
the past and to establish the identity of certain species and cer- 
tain natural groups of anaerobes. With this background of 
methods and the beginning of a natural classification it was 
thought worth while to study a fairly large group of anaerobes 
taking particular care not to neglect the non-pathogenic species 
which from a biological standpoint may be very important 
members of the group. Work on the anaerobes has often been 
limited by technical difficulties, the use of large quantities of 
media, elaborate apparatus, difficult sampling, danger of con- 
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tamination, and lack of time and assistance. Simple test tube 
methods are much to be preferred and it is highly desirable that 
work on such a large and important group of organisms shall be 
brought within the facilities of as many workers as possible. 
The work to be reported has been largely influenced by these 
considerations. 


MATERIAL 


The material for the study consisted in strains from a number 
of sources. There were several strains from the collection of Dr. 
Theobald Smith, a strain of C. putrificum furnished by Prof. L. 
F. Rettger, a strain of C. chauvoei isolated from some “blackleg’’ 
muscle received from A. E. Hagan of the Kansas Blackleg Serum 
Company of Amarillo, Texas, a strain of C. chauvoet isolated from 
dried muscle and one of C. vibrion-septique from similar material 
sent by Dr. W. A. Hagan of Cornell University, another strain of 
C. vibrion-septique isolated from some infected guinea pig muscle 
supplied by 8. H. McNutt of Iowa State College, and a strain of 
C. tetani isolated at autopsy from the castration wound of a pig 
with clinical tetanus. Strain C. 3413 was from the feces of a 
cow, strains C. 710Fa, C. 710Fb, and C. 710¥Fe from the feces of 
another cow, and strain Clf. 993 from the pleural abscess of a calf. 
In addition to the above there were isolated as many different 
anaerobes as could be found in the normal intestinal tract of a 
calf slaughtered when one month old. These strains came from 
the contents of a loop of duodenum, a loop of ileum, some of the 
contents of the cecum, and some feces from the rectum. For the 
present report the source of these strains is regarded as unim- 
portant. What was wanted was simply a representative collec- 
tion of anaerobes from some source in nature. From the intes- 
tine of the calf there were studied three strains from the duo- 
denum, three from the ileum, eleven from the cecum, and six 
from the rectum. If possible duplicates from each source are 
excluded; there were at least two distinct species from the duo- 
denum, three from the ileum, seven from the cecum, and six 
from the rectum. From the entire intestinal tract of this animal 
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there were isolated not less than fourteen different species. Most 
of those found in the cecum were present also in the rectum. 


METHODS 


The general plan of the study was as follows: 

Thick suspensions of intestinal contents or fecal material were 
heated for fifteen minutes at 80°C. and then a drop or two of the 
suspension was inoculated into vaseline tubes of fermented veal 
infusion bouillon, fermented bouillon plus 1 per cent of lactose, 
and unfermented bouillon plus 1 per cent of glucose. Each tube 
of medium contained a small piece of rabbit or guinea pig kidney 
placed in the tubes before they were autoclaved. After incuba- 
tion for three days each of the cultures was heated for fifteen 
minutes at 80°C. By this method sporulating aerobes were 
eliminated (Brown, 1922). The cultures were then plated in 
horse blood agar in petri dishes with clay tops glazed on the out- 
side only and were incubated in the anaerobe jar (Brown, 1921). 
From the blood agar plates both deep and surface colonies were 
studied and as many different kinds as could be found were 
transplanted into veal infusion bouillon plus kidney tissue under 
vaseline. ‘These cultures were studied and again plated on blood 
agar, the process being repeated until pure cultures were assured. 
No difficulty was experienced in obtaining and maintaining pure 
cultures and it is doubted whether the method of successive plat- 
ing, careful study of the colonies and fishing from deep colonies is 
any less dependable than that of picking out single cells or spores 
with a micro-pipette. 

The strains isolated were studied in cooked meat medium 
under vaseline with reference to change in color of the meat, 
consistency, digestion, and formation of gas. The formation of a 
black ring of deposit at the surface of the medium was taken to 
indicate hydrogen sulfide formation. Cultures in cooked meat 
were the ones employed for study of the morphology of the 
organisms. 

The growth of the colonies in deep agar shake cultures afforded 
means for studying the shape of deep colonies and gave a rough 
index of the relative degree of anaerobiosis favorable for the 
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growth of each strain. In such tubes of agar the colonies grew 
to within from 3 to 15 mm. of the surface, the growth stopping 
abruptly at this level. Agar shake cultures also serve well as 
stock cultures and if a little sterile vaseline is pipetted onto the 
surface of the agar the medium keeps indefinitely, without dry- 
ing and without contamination by molds. 

Tubes of veal infusion gelatin under vaseline were inoculated in 
fluid condition and incubated with sterile control tubes at 35° 
to 37°C. for several weeks. From time to time they were taken 
from the incubator and refrigerated or placed in cold water. The 
control tubes never failed to solidify. If the cultures failed to 
solidify, the gelatin was regarded as having been liquefied. 

Cultures were grown in tubes of about 5 ec. of skim milk (tyn- 
dallized under vaseline) and also in citrated (transparent) milk 
(Brown and Howe, 1922). Gas formation, coagulation and pep- 
tonization were observed. 

The digestion of various protein substances was observed by 
placing small bits of the test substances in tubes of veal bouillon 
under vaseline. The proteins used were 5 mm. cubes of coagu- 
lated horse serum or egg white and small masses of rennet casein 
and of washed horse or calf fibrin. These substances were auto- 
claved in the bouillon. 

The attempt to determine the ability of various anaerobes to 
ferment various carbohydrates led to a number of interesting 
observations. The carbohydrates were sterilized in 10 per cent 
aqueous solutions and added aseptically to tubes of sterile bouillon 
under vaseline. Each tube also contained a bit of rabbit or guinea 
pig kidney which had been autoclaved in the bouillon. The 
tissue was added to provide conditions for a good growth of the 
culture. Plain veal infusion bouillon was used rather than fer- 
mented bouillon because the unfermented bouillon is a much 
better medium for the growth of some strains and the small 
amount of muscle sugar present was not sufficient to be detected 
with Benedict’s solution or to result in the formation of enough 
acid to inhibit the growth of the culture or to be confused with the 
fermentation of larger amounts of the test substance added. It 
was very soon discovered that the customary practice of adding 
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1 per cent of carbohydrate to the medium was not to be relied 
upon for determining the fermentation reactions of anaerobes. 
Certain strains were found to ferment as much as 3 per cent of 
glucose. Although in media containing an excess of carbohy- 
drate the final hydrogen ion concentration usually gave distinct 
evidence of fermentation it did not always doso. Even in media 
containing 4 per cent of glucose (always an excess) some glucose 
fermenting strains occasionally reached a final hydrogen ion 
concentration near that produced by non-fermenting strains 
(e.g., Botulinum A, an active fermenter of glucose, reached a final 
reaction of pH 6.2, whereas strains IV, Cf and Ci,,non-fermenters, 
also reached reactions of pH 6.3, 6.2, and 6.3 respectively). The 
titratable acidity was found wholly unreliable as an index of fer- 
mentation. Certain strains incapable of fermenting glucose 
produced increases in titratable or reserve acidity of between 
2 and 3 per cent normal acid (e.g., IV, Ca, Ci;, and De). In 
such cases there was also a large increase in the reserve alkalinity, 
both combining to make a large increase in the buffer index 
(Brown, 1921). An attempt was made to find an indicator which 
might be added to the test media so that the changes in reaction 
of the cultures might be followed. Litmus, neutral red, china 
blue and rosclie acid, reduced acid fuchsin, brom cresol purple, 
methyl red, phenol red, thymol blue and some others were tried 
but without exception all were decolorized by cultures of anaer- 
obes whether fermentation occurred or not. Furthermore the 
color did not return to the indicators upon exposure of the culture 
to the air; they were permanently decolorized. Hall (1921) 
encountered the same difficulties in determining the fermenta- 
tion reactions of anaerobes. Hall and Randall (1922) found 
cultures of C. welchii to reach a peak of acidity followed by a 
depression in the hydrogen ion concentration. Hall came to the 
conclusion that an increase in hydrogen ion concentration fur- 
nishes the best evidence of fermentation by anaerobes. ‘To 
follow the changes in reaction that occurred in growing cultures 
of anaerobes a method for determining the hydrogen ion concen- 
tration of small amounts of fluid was devised (Brown, 1924). 
Peaks of acidity were noted to occur at different times in the case 
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of different anaerobes. With C. welchii the peak occurred within 
48 hours. With other anaerobes it might occur at the end of a 
week or two, sometimes later. The results were usually but 
not always clear cut. Defining fermentation as synonymous 
with saccharolysis it would seem that the best evidence of fer- 
mentation would be the disappearance of the test substance from 
the culture. We therefore adopted the method of adding only 
0.2 per cent of the carbohydrate to the bouillon and after incuba- 
tion for three months or longer testing for the presence or absence 
of the carbohydrate. Eight or 10 drops of bouillon containing 
0.2 per cent of glucose, maltose, or lactose gave a distinct reac- 
tion with about 4 ec. of Benedict’s solution. By adding 1 or 2 
drops of dilute hydrochloric acid to 8 or 10 drops of the sucrose 
bouillon and boiling it for a few seconds it also gave a positive 
reaction with Benedict’s solution. The presence of starch was 
readily detected by the addition of Lugol’s solution. If cultures 
in any of the above media were found to give negative chemical 
tests it was concluded that the carbohydrates had been fermented. 
Incubated controls always gave positive chemical tests. Man- 
nitol, glycerol, and salicin were also added to bouillon in a con- 
centration of 0.2 per cent, but simple chemical tests for these 
substances were lacking. A biological test was therefore tried. 

A strain of the B. coli group was found to ferment these sub- 
stances with gas production. Smith and Smith (1920) found that 
if strains of B. suipestifer were grown in lactose bouillon, B. coli 
was no longer able to form gas when superinoculated into these 
cultures, but that if the hog cholera culture in lactose bouillon 
was heated at or above 80°C. the gas inhibiting factor was 
removed and B. coli was able to form gas in the culture. Our 
method was as follows: After incubating the anaerobe cultures 
for a month or longer a determination of the hydrogen ion con- 
centration was made and, if necessary, the reaction was adjusted 
to about pH 7.0 by the addition of alkali or acid. The culture 
was then heated in a boiling water bath for fifteen or twenty 
minutes, cooled, and superinoculated with B. coli. Good growth 
of the colon bacillus always occurred. Because of the high buffer 
index of many of the anaerobe cultures and the small amount of 
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carbohydrate originally present (0.2 per cent) a marked increase 
in the hydrogen ion concentration due to fermentation by B. 
coli was not to be expected, but the formation of an appreciable 
amount of gas was interpreted as indicating the presence and 
fermentation of the test substance. B. coli in control tubes of 
medium in which anaerobes had not grown and which contained 
0.2 per cent of test substance always produced considerable gas. 
On the other hand the absence of gas formation by B. coli in the 
old anaerobe cultures had to be interpreted with caution because 
in some anaerobe cultures containing glucose, maltose, sucrose, 
or lactose as revealed by positive Benedict tests, B. coli failed to 
produce gas. We offer no explanation of the phenomenon but it 
would appear that the gas inhibiting factor is not always thermo- 
labile as Smith and Smith found it to be in B. suipestifer cultures. 
In view of the difficulties encountered the results of the fermenta- 
tion tests for mannitol, glycerol, and salicin are not reported in 
this paper. 

One other qualitative test requires explanation—the hydrol- 
ysis of milk fat. The ability of certain bacteria to hydrolyze fat 
has been noted by a number of authors referred to in the paper by 
Orcutt and Howe (1921). No systematic use seems to have been 
made of this differential character for the differentiation of 
anaerobes. For this purpose we have employed the cream of 
cow’s milk. Thick cream was washed several times with salt 
solution and recovered by centrifugation. A thick emulsion of 
the washed cream was made in salt solution and sterilized in the 
autoclave. If this is done carefully the emulsion is not destroyed. 
About 0.5 ec. of this emulsion was then pipetted aseptically into 
5 ec. of sterile bouillon under vaseline. In time the cream rises 
to the surface forming a compact layer 1 to 2 mm. thick just 
beneath the vaseline. Hydrolysis of the fat was manifested by 
more or less complete transformation of the cream into a thick 
(sometimes 10 mm. or more) layer of gray flocculent material 
sometimes sinking to the bottom of the medium when disturbed. 
Chemical analysis of this material by Dr. Paul E. Howe showed it 
to consist largely of fatty acids or soaps, doubtless depending upon 
the reaction of the culture fluid. 
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To compare some of the products of growth of the anaerobes 
in plain bouillon with those formed in the presence of an excess 
of glucose each strain was inoculated into the following media: 
a tube containing 5 ce. of veal bouillon plus 0.5 ec. of distilled 
water, and a tube of 5 ec. of the same lot of bouillon plus 0.5 ce. 
of a 40 per cent glucose solution. The water and the glucose 
solution were added aseptically. Each tube contained also a 
small bit of rabbit or guinea-pig kidney to promote growth of 
the more delicately growing strains. The medium in each tube 
was covered by a layer of sterile vaseline 5to 7mm. thick. Ster- 
ile control tubes of each medium were incubated along with the 
inoculated tubes and were subjected to the same chemical analy- 
sis at the end of the period of incubation. The cultures were 
incubated for three months or longer if there was any evidence 
of continued activity. From time to time during this period the 
gas formed was measured and analyzed by the methods previ- 
ously described (Brown, 1922). After each gas analysis the vase- 
line seal was melted and allowed to fall upon the surface of the 
medium. An effort was made to compare the composition of the 
first gas formed with that given off later. Frequent determina- 
tions of hydrogen ion concentration were also made. At the end 
of the period of incubation a few drops of the plain bouillon cul- 
ture were tested for indol by the dimethylaminobenzaldehyde 
reaction and a few drops of the glucose bouillon culture were 
tested for sugar with Benedict’s reagent to make sure that there 
was still an excess of unfermented sugar present. From the 
contents of each tube there were also made buffer index (pH 5.0 
to 8.0) titrations, formol titrations and ammonia determinations. 
In the course of making these determinations there were also 
recorded the hydrogen ion concentration and the reserve or titrat- 
able acidity. The routine was as follows. Into each of four 
large (25 mm. diameter ) test tubes there was accurately measured 
with an Ostwald pipette 1 cc. of the culture. To each tube was 
added 9 cc. of distilled water. Tubes I and II were used for the 
titration of the reserve acidity (RH) to an end point of pH 8.0 
and then for the formol titration (Brown, 1923). Tubes III and 
IV were of Pyrex glass and were used first for the titration of the 
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reserve alkalinity (Ron) to an end point of pH 5.0 and then for 
ammonia determinations. The latter were made as follows. To 
each tube were added 3 or 4 small quartz pebbles, a small amount 
of powdered talc, a couple of drops of mineral oil and 1 ee. of 
potassium carbonate and potassium oxalate mixture (15 per cent 
of each). The ammonia was then distilled over a micro burner 
into dilute hydrochloric acid containing methyl red as an indica- 
tor. The unneutralized hydrochloric acid was titrated against 
n/20 sodium hydrate solution. The difference obtained by sub- 
tracting the ammonia from the formol titration is tabulated 
(table 3) as Amino Acid though it is to be understood as repre- 
senting all formol titrating substances except the ammonia. 


DISCUSSION OF RESULTS 


The most conspicuous morphological feature of the anaerobes 
is the sporangium; the form and position of the spore and its size 
with respect to the cell. There are spherical spores and oval or 
elongated spores. The only strains with truly spherical spores 
encountered in this study were Tetanus S. 304 and Telanomor- 
phum C. 3413. The spores of these strains were of course ter- 
minal and in size several times the diameter of the bacillus. Next 
to these, morphologically, stood the strain of C. putrificum 
received from Dr. Rettger. This organism had an almost spheri- 
cal terminal spore terminating a delicate slender bacillus. The 
oval spores of the remaining strains were placed terminally, sub- 
terminally, or excentrically. No truly centrally placed spores 
were found. The relative size or diameter of the spore with 
respect to the thickness of the bacillus bore a general relationship 
to the position of the spore. Without exception the terminal 
spores were relatively large and the bacilli were long, delicate and 
slender. Sub-terminal spores were relatively a little smaller 
and the bacilli thicker. Excentrically placed spores were asso- 
ciated with rather thick rods, the spore sometimes expanding the 
cell very little. Of fifteen strains with terminal spores all were 
motile. 

Hemolysis. A majority of the strains studied produced beta 
hemolysis in the blood agar plate (Brown, 1919). The deep 
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colonies were surrounded by clear, colorless, corpuscle-free zones. 
A minority of the strains were of the gamma type in blood agar, 
producing no visible change in the blood agar surrounding the 
colonies. None of the strains produced the alpha appearance. 
This is not surprising in view of the fact that the green-producing 
streptococci and pneumococci also fail to produce alpha zones 
under anaerobic conditions. Apparently oxygen is necessary 
for the production of the alpha zone. Strain Cf did produce : 
slight amount of greenish discoloration in the blood agar plate, 
but the green color appeared only after the anaerobe jar had been 
opened a second time for examination of the plates. It may be 
that if certain strains could be trained to grow aerobically they 
would produce alpha zones. 

It is a striking fact that with the exception of C. tetani none 
of the terminal spore bearers produced hemolysis. It is especially 
to be noted that Tetanomorphum C. 3413 was non-hemolytic. 
On the other hand all strains with sub-terminal or excentrically 
placed spores produced beta zones in blood agar, as did also C. 
letani. 

In the case of five strains, spores were not seen, although resist- 
ance to heat indicated that spores were produced by four of them. 
Of these strains four produced beta hemolysis; three of these were 
identified as strains of C. welchii and one as C. chauvoei known to 
have excentric or sub-terminal spores. The remaining strain in 
which spores were not seen was of the gamma type in blood agar, 
showing under the microscope slender and actively motile bacilli 
—all characters corresponding with those of terminal spore 
producers. 

Colonies. ‘Two distinct types of deep colonies were noted, com- 
pact biconvex colonies, and more or less diffuse rhizoid or woolly 
colonies. The most reliable means of determining the form of the 
deep colonies is in deep agar shake cultures after incubation for 
three or four days. The blood agar plates were usually incubated 
forty-eight hours. At this time the deep colonies of some strains 
were of a conglomerate or compound type or biconvex with 
satellites, but in deep agar shakes after longer periods of incuba- 
tion these same strains produced woolly or rhizoid colonies. 
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Strains producing simple biconvex colonies in agar shake cultures 
always produced discrete round or scalloped surface colonies on 
blood agar plates and were never surface spreaders. Some of 
those producing woolly deep colonies also produced discrete sur- 
face colonies but most of them produced rapidly spreading amoe 
boid, rhizoid or filamentous surface films. C. tetani was one of 
the most persistent surface spreaders. The form of colonies 
could not be correlated with motility, form or position of spore, 
or with hemolysis. 

Staining. All of the strains were Gram-positive when stained 
with Stirling’s gentian violet although some strains were not 
strongly Gram-positive or were definitely Gram-positive only in 
young cultures. Immature spores retained the Gram stain. 
Mature spores were not stained. It was not uncommon to obtain 
Gram-positive vegetative cells and Gram-negative sporangia 
containing Gram-positive immature spores. 

Lipolysis. Fat digestion, though a definite property of many 
strains, could not be correlated with any other character, mor- 
phological or physiological. Certain lipolytic strains were of a 
fermentative character and others were predominantly proteoly- 
tic. Strains which were both highly proteolytic and saccharolytic 
were also lipolytic, but C. tetani which is neither highly proteo- 
lytic nor fermentative was actively lipolytic whereas Tetano- 
morphum C. 3413 was not lipolytic. Ability to hydrolyze fat 
is, therefore, a character which may be of considerable differen- 
tial value within any large group of anaerobes, though it does 
not serve to distinguish one group from another. 

Growth in milk. Results obtained in skim milk were generally 
paralleled by those in transparent (citrated) milk except that in 
the case of one or two strains growth was a little more abundant 
and more apparent in the latter. Reference to table 1 will show 
that milk was coagulated by most of the strains which failed to 
ferment lactose in bouillon. The acidity reached by these milk 
cultures was between pH 6.2 and 6.8. The coagulation in such 
cultures was a late coagulation, sometimes occurring during the 
second month of incubation. The degree of acidity was hardly 
sufficient to cause coagulation. On the other hand some of thie 
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whey from these cultures transferred to fresh raw milk failed to 
“ause coagulation within two or three hours at 37°C. so that if 
an enzyme was the cause of coagulation it must have become 
inactivated by the time the test was made. 


Biological grouping of the anaerobes 


All bacteria have a nitrogenous metabolism. Most of them 
attack amino acids, polypeptides, peptones, and probably albu- 
moses and to this extent may be said to be proteolytic, but some 
bacteria attack also higher native protein substances such as were 
used in our tests, i.e., gelatin, casein, serum, egg white, and fibrin. 
The term proteolytic is usually reserved for those organisms which 
are able to attack the higher native protein substances. 

Henry (1917) and others have grouped the anaerobes as sac- 
charolytic, proteolytic, or as belonging to an intermediate group 
of organisms which are neither very proteolytic nor saccharolytic. 
This grouping has been very useful, but most anaerobes are both 
proteolytic and saccharolytic and although one or the other 
activity may be the more conspicuous the other is not to be 
ignored. ‘The group of anaerobes we have studied, comprising 
many non-pathogenic as well as certain pathogenic strains, is 
probably more comprehensive biologically than would be a col- 
lection of strains from war wounds, and although this report does 
not include as many strains as might be desired it is believed that 
it furnishes the outline of a natural grouping which is illustrated in 
table 2. By noting the action of the anaerobes on a few protein 
substances and a few common carbohydrates there appears to be 
what EF. C. Howe (1912) called a “metabolic gradient” with respect 
to each group of substances. Of the protein substances it is found 
that all the strains studied produced an increase in formol titra- 
tion and in ammonia in pepton bouillon indicating that they 
attack amino acids and other low protein derivatives. Some 
strains could also liquefy gelatin; some could digest casein; some 
could digest coagulated albumin (egg white or serum) ; and others 
could also digest fibrin. Any strain which could digest fibrin was 
able to digest all the other substances in the series. Any that 
could digest coagulated albumin could also digest casein and 








ror 
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gelatin. Any that attacked casein also liquefied gelatin. We 
have therefore a series of protein substances listed in the order of 
their digestibility by anaerobes. The carbohydrate series is not 
quite so rigid. The significant carbohydrates for determining 
the major groups are glucose, lactose, sucrose, and starch. Other 
substances may be useful in sub-dividing some of the major 
groups. Action on maltose always ran parallel to that on glu- 
cose. Glucose was naturally the lowest member of the series and 
was fermented by all strains capable of attacking any of the 
carbohydrates. Starch was the highest member of the series. 
Any strain fermenting starch was also able to ferment glucose and 
lactose or sucrose or both of the disaccharides. We did not 
encounter C. oedematiens or C. noryi which are said to ferment 
glucose and starch but neither lactose nor sucrose. In table 2, 
therefore, each strain listed is to be understood as attacking all 
the proteins listed to the left of its place on the chart but not 
those to the right, and all the carbohydrates beneath it unless 
otherwise indicated by a negative sign, but not those above it. 
For example, strain Cd attacks all of the protein substances but 
none of the carbohydrates, whereas Fe attacks all of the carbo- 
hydrates (except sucrose) but none of the proteins above pro- 
teoses. For descriptive convenience and accuracy we shall refer 
to the position of a strain in the table by naming the highest mem- 
bers of the carbohydrate and protein series which it attacks. 
For example, Fe is a starch-proteose organism, Cd a non-sac- 
charolytic-fibrin strain. In a rough sense, C. vibrion-septique may 
be said to belong to a “saccharolytic”’ group, MM sporogenes to a 
“proteolytic” group, and C. tetani to an “intermediate” group, 
but to which group does strain ¢ ‘le belong? It is more sacch iroly- 
tic than C. vibrion-septique and as proteolytic as C. sporogenes and 
in both respects is unlike C. letani. If, however, it is said that 
C. vibrion-septique belongs to the lactose-gelatin group, C. sporo- 
genes to the glucose-fibrin group, C. tetani to the non-saccharoly- 
tic-gelatin group, and Ci, to the disaccharide-fibrin group, their 
metabolic positions are pretty well defined. If desired, many of 
the groups may be designated by the names of well known 


members. 
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The starch-proteose group is the sphenoides-tertius group. 

The starch-gelatin group is the chauvoe group. 

The starch-casein group is the welchii group. 

The lactose-gelatin group is the vibrion-septique group. 

The glucose-fibrin group is the sporogenes-botulism group. 

The non-saccharolytic-gelatin group is the tetanus group. 

The non-saccharolytic-fibrin group may be called the histoly- 
ticus group though it evidently contains two distinct sub-groups. 
To this group C. putrificum would also belong were it not for the 
fact that it has some action on carbohydrates. This species can 
not be dismissed as a mixed culture as was suggested by the British 
Medical Research Committee (1919). The strain received from 
Dr. Rettger had every appearance of being pure and a distinct 
entity. We plated it out many times. The morphology was 
exactly like the illustration in the paper of Reddish and Rettger 
(1922). By careful measurement the terminal spores were 
found to be almost but not quite.spherical. The very slow deli- 
cate growth and the proteolytic activity were exactly as described 
by Reddish and Rettger. Although these authors describe C. 
putrificum as very slightly or not at all saeccharolytic they did 
find that it was able to destroy an appreciable amount of glucose. 
In our study we have noted the disappearance of small amounts 
not only of glucose but also of lactose, sucrose and starch, so that 
we regard the organism as having rather moderate but broad 
fermentative powers. In our grouping it belongs to the starch- 
fibrin group although its metabolism is carried on at a very slow 
rate. Cultures were sometimes incubated for 2 weeks before 
there was gross evidence of growth. In one important respect our 
results differ from those of Reddish and Rettger. We find C. 
putrificum a copious gas former if given sufficient time under the 
right conditions. ‘The cultures were grown in vaseline tubes and 
the gas produced was measured in terms of the volume of medium. 
‘The course of gas production in cooked meat (horse or beef heart) 
medium was as follows: 

Incubated 2 weeks—small bubble of gas 
Incubated 4 months—large bubble of gas, 25 per cent CO, 
Incubated 7 months—0.7 volume of gas, 75 per cent CO, 


incubated 13 months—1.9 volume of gas, 79 per cent CO, 
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Sub-cultures were made from the above culture at the end of four 
months and thirteen months of incubation and each of these went 
through the same slow course of development and gas formation. 
There was no evidence of contamination. In plain bouillon plus 
a bit of guinea pig kidney 0.3 volume of gas was produced in four 
months and the final pH was 7.0, but in the same medium plus 
4 per cent of glucose 2.8 volumes of gas were produced in four 
months and the final reaction was pH 5.9 (see table 3). Gas 
formation was also increased and accelerated in bouillon contain- 
ing maltose, lactose, sucrose, starch, mannitol, glycerol, and 
salicin. 

With regard to other than saccharolytic and proteolytic charac- 
ters some of the groups show a degree of uniformity which is 
encouraging to one who has frequently been discouraged by the 
apparent chaos among the sporulating anaerobes. All the mem- 
bers of the starch-proteose group studied are slender motile bacilli 
producing oval terminal spores, and rather compact colonies of 
the gamma type in blood agar. They differ with respect to the 
hydrolysis of fat. Members of the starch-gelatin and starch- 
casein groups produce beta hemolysis in blood agar, are non- 
motile (C. welchii) or slightly motile (C. chauvoei), produce sub- 
terminal or excentric oval spores, generally form compact colonies 
and generally hydrolyze milk fat. Members of the glucose-fibrin 
group also produce beta hemolysis, have sub-terminal or excentric 
oval spores, are motile, form diffuse colonies, and actively hydro- 
lyze milk fat. Members of the non-saccharolytic-albumin group 
and the non-saccharolytic-fibrin group include at least two varie- 
ties, an oval terminal spore bearer, lipolytic but non-hemolytic, 
and a sub-terminal spore bearer, non-lipolytic but hemolytic. 
All of the well known pathogens produce beta hemolysis in blood 
agar and hydrolyze milk fat. The morphological and gross cul- 


tural characters serve to group the strains as shown in table 2. 


BIOCHEMICAL STUDY 


A more detailed biochemical study was made of cultures grown 
in plain infusion bouillon and in the same medium plus 4 per cent 
of glucose, each tube containing also a bit of rabbit or guinea 
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pig kidney (autoclaved) and a covering of vaseline. The bio- 
chemical results are tabulated in table 3. Although by the analy- 
tical methods employed duplicate determinations were found to 
give almost identical results when made with samples of the 
same culture, the results in table 3 are not to be read too closely. 
The biological factor is quite large and the metabolism of the 
anaerobic bacteria is very complex. If the same organism is 
grown in two or more tubes of the same medium, the results of 
chemical analysis may show not an actual divergence but con- 
siderable quantitative variation. The factors which influence 
the growth of the culture are not all understood or under control. 
It would appear that under certain conditions the proteolytic 
activity of an anaerobe may be most conspicuous, while under 
slightly different conditions the fermentative activity may be in 
the ascendency. It is necessary to interpret the results rather 
broadly and to emphasize general tendencies rather than minute 
differences. 

Members of the starch-proteose group and those of the starch- 
casein group resembling C. welchii are readily recognized as fer- 
menters of glucose. In 4 per cent glucose bouillon they produce a 
fairly high hydrogen ion concentration (pH 4.6 to 5.2) accom- 
panied by a pronounced increase in reserve or titratable acidity 
and the evolution of a fair amount of gas. Botulinum A of the 
glucose-fibrin group produced a final hydrogen ion concentration 
of pH 6.2 in 4 per cent glucose bouillon, accompanied by only a 
fair increase in reserve acidity but a very large amount of gas. 
It consumed a large amount of glucose. Strain Cf also produced 
a final hydrogen ion concentration of pH 6.2 in 4 per cent glucose 
bouillon but the reserve acidity was very little above that of a 
plain bouillon culture and only 0.1 volume of gas was produced. 
There was no appreciable consumption of glucose and all the 
available data indicate that this strain does not ferment glucose. 
Strains Ca and Ci, when grown in plain bouillon had a titratable 
acidity of 3.5 and 3.7 per cent normal respectively, or 2.8 above 
their sterile controls. However, their hydrogen ion concentra- 
tions were only pH 6.6 and 6.7 respectively, and in glucose 
bouillon they produced practically no gas and consumed no 
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appreciable amount of sugar. The explanation of the high titrat- 
able acidities is to be found in the marked increase in buffer 
substances. ‘They showed marked increases in reserve alkalinity 
as well as in reserve acidity, and the production of large amounts 
of ammonia indicated the deamination of large amounts of amino 
acids resulting in the liberation of fatty acids as well as ammonia. 
It is evident that proteolysis may result in an increased titrat- 
able acidity which may be mistakenly held to indicate fermen- 
tation. The results of Kendall, Day and Walker (1922) illus- 
trate the same phenomenon although they used titration as an 
index of fermentation. 

Of the glucose fermenting organisms here reported Botulinum 
A produced the lowest final hydrogen ion concentration (pH 6.2 
but the largest amount of gas (8.1 volumes) and in this culture 
consumed almost 4 per cent of glucose. Of the total gas pro- 
duced 96 per cent was CO,. A parallel culture of Botulinum B 
reached a hydrogen ion concentration of pH 5.3 and produced 
only 3.6 volumes of gas, of which 83 per cent was CO.. Whether 
these differences are constant for other strains of Botulinum A and 
B has not been determined. It is noticeable, however, that all 
members of the sporogenes-botulinum group and the neighboring 
glucose-albumin group, when grown in glucose bouillon, consume 
large amounts of sugar, attain only a moderate degree of acidity 
(pH 5.3 to 6.2), and produce a large amount of gas (3.5 to 8.1 
volumes), of which a large part (83 to 96 per cent) is CO,. In 
contrast with this group is the tertius or starch-proteose group, 
which is almost purely fermentative in character. These organ- 
isms, when grown in glucose bouillon, actually consume less 
sugar than those of the sporogenes-botulism group but reach a 
higher acidity (pH 4.7 to 5.2) accompanied by less gas (0.3 to 1.6 
volumes) of which only 26 to 36 per cent is CO,. Evidently 
the percentage of CO, in the gas above the medium is not depend- 
ent wholly upon the acidity of the culture. Various hypotheses 
suggest themselves as possible explanations of the differences. 
Members of the sporogenes-botulinum group are highly proteoly- 
tic. They produce marked increases in the formol titrating 
substances of the media. In plain bouillon a large part of the 
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amino acids is deaminized. There is no apparent reason why the 
fatty acids liberated should not be further broken down with the 
liberation of gas. However, since very little gas was produced 
by any of the cultures in plain bouillon and since none of the non- 
fermenters produced more than a trace of gas, we must conclude 
that in glucose bouillon most or all of the gas is derived from the 
fermentation of the sugar. The large amount of gas produced by 
the sporogenes-botulinum group is doubtless related to their 
large sugar consumption. The large sugar consumption is 
permitted by the maintenance of a relatively low hydrogen ion 
concentration. The low hydrogen ion concentration is probably 
maintained by several factors; the marked increase in buffer index, 
largely the result of proteolysis; and the alkaline fermentation of 
organic acid salts as described for certain aerobic bacteria by 
Ayers and Rupp (1918). The formation of a high percentage of 
CO, by members of this group of anaerobes is strong evidence 
that the latter process is an important one. That proteolytic 
activity contributes to the same end, however, is indicated by the 
fact that if we compare the gas production of different proteolytic 
groups within the same fermentative group, the amount of gas 
produced and the percentage of CO, regularly increase with pro- 
teolysis; in fact by subtracting the volume of CO, from the total 
free gas produced it is found that the greater amount of total 
gas produced by the more proteolytic organisms is due entirely 
to COs. 

Before we leave the study of gas production by the fermenta- 
tive anaerobes another phenomenon is worthy of notice. The 
method of determining the CO, in the vaseline tubes made it 
possible to determine the percentage of CO, given off at various 
intervals during the period of gas formation. This was done in 
the case of glucose bouillon cultures and cooked meat cultures. 
In all cases it was found that the first gas given off contained a 
lower percentage of CO, than that given off during the middle 
period of gas formation, (noted also by Wolf and Harris, 1917, 
for C. welchii, and by Bushnell, 1922, for C. sporogenes), and in 
most cases the last gas given off also contained a lower proportion 
of CO,. The increase in CO, may be the result of a rising acidity 
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but the subsequent drop in the percentage of CO, could not be 
explained by a change in reaction because in 4 per cent glucose 
bouillon a reversal of reaction did not occur. 

It is not surprising that any of the fermenters of glucose should 
produce gas in cooked meat medium (see table 1), but it is sur- 
prising to find that the largest amounts of gas in this medium 
were produced by strains (e.g., Histolyticum Fe, Ca, Cb, Cd, 
and Ia) which did not ferment glucose or any of the test carbo- 
hydrates used. The same strains did not produce more than a 
few bubbles of gas in plain bouillon or glucose bouillon but pro- 
duced gas in milk and gelatin as indicated in table 4. Less gas 
was produced in transparent citrated milk than in plain skim milk. 


TABLE 4 
Gas produ tion hy non-fermentative anaerobes 
MEDIA 
STRAIN : : 
bouillon | Louiilon | snese’| Milk | Gelatin 
| SE ee ee ee anion ...-| Trace 0.12 1.69 1.4 1.4 
ein: ake ieee am ate ; 0.1 0.1 2.05 0.9 0 
sw cada - a i - 0 0.1 3.0 1.25 0 
Ee és ee viceeeceh ie) ae 2.81 0.9 1.8 
RE ee rere eed at 0.1 0.17 1.5 | Trace’ Trace 


Histolyticum...... Trace | Trace| 1.0 0 2.0 


Figures are in terms of the volume of medium used. 


In all media the gas produced by these strains during the middle 
of the period of gas formation was 100 per cent CO,. It is difficult 
to account for the gas formation by these non-fermenters of 
glucose unless they are able to attack certain lower carbohydrates 
or organic acids which may be present in these media but are 
absent from infusion bouillon. The acidity did not rise above pH 
6.5 and in most cases was near pH 7.0. 

The amount of CO, in solution in the media revealed nothing 
of recognized importance. All bacteria probably produce some 
CO.; the result of what Hesse (1893) called the respiratory activ- 
ity of bacteria. The amount of CO, found in solution bears a 
fairly consistent relation to (a) the amount of growth, (5) the 
hydrogen ion concentration of the culture fluid, and (c) the CO, 
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tension of the gas above the medium. The amounts of CO, 
found in cultures of the anaerobes in plain and glucose bouillon 
are tabulated in table 3. 

Differences in the metabolism of the non-saccharolytic and the 
saccharolytic anaerobes are quite evident. The non-fermenters 
produced very little gas in either plain or glucose bouillon. 
Although the hydrogen ion concentration of the glucose bouil- 
lon cultures was never above pH 6.2 it was usually a little higher 
than that of the plain bouillon cultures. This may be attributed 
in part to the fact that the incubated sterile control tubes of 
glucose bouillon were usually a little more acid than the plain 
bouillon. 

The buffer indices of the more proteolytic anaerobes were 
higher than those of the less proteolytic strains. As might be 
expected, the formol titration usually ran roughly parallel with 
increase in buffer substance. The amount of NH; produced is 
an index of deamination but is not necessarily a measure of pro- 
teolysis as has been assumed by Kendall. The proteolytic process 
may progress as far as the production of amino acids without 
giving evidence in the form of increase in ammonia. Strain Fe 
(table 3) shows a tendency to do this. On the other hand the 
amino acids alone do not furnish a good index of proteolysis, 
as was assumed by DeBord (1923), because they may be more or 
less completely deaminized as was the case with all the non- 
fermentative anaerobes studied. However, the formol titration 
which includes ammonia, amino acids and the lower polypeptides 
is a very gocd index of proteolysis when any of these products 
are formed. ‘The figure for the total ammonia determination was 
naturally never as large as that for the formol titration but the 
increase in the ammonia was often greater than the increase in 
the formol titration and could only indicate a decrease in amino 
acids and similar substances (e.g., Strains Cf and Ci). 

In the case of the fermentative anaerobes generally the increase 
in formol titration of the plain bouillon culture was greater than 
that of the glucose bouillon culture, suggesting that the carbo- 
hydrate had a sparing action on the protein to some extent, 
sometimes greater than if the ammonia alone were taken as an 
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index of proteolysis (Ic, I, Fe, Ff, Ce, Ce, Dd, and Ib) but more 
often less (Ch, C. welchii X, Clf. 993, C. chauvoei Texas, Ci,, C. 
vibrion-septique Washington, Cg, III, C. sporogenes, Carno-foeti- 
dus, Il, and Botulinum B). In the latter cases one might say that 
the carbohydrate had spared amino acids to a greater extent than 
it had spared the protein. However, in the case of strains C. 
vibrion-septique Iowa, Botulinum A and C. chauvoei Denver, it 
might be concluded that the carbohydrate had stimulated pro- 
teolysis since the formol titration of the glucose bouillon cultures 
showed a greater increase than that of the plain bouillon cultures. 
We have also experimented with the effect of an excess of glucose 
on the digestion of certain protein substances by a saccharo-pro- 
teolytic anaerobe. Botulinum B was used for this purpose 
because it appeared to show a marked protein sparing action by 
glucose. ‘The digestion of coagulated serum and of cooked meat 
was noticeably less in the presence of glucose, but the liquefaction 
of gelatin was not prevented. Other anaerobes gave similar 
results. All of the above results, however, must be interpreted 
with caution. If it were possible to study the metabolism of a 
single bacillus or of a constant number of active bacilli the mean- 
ing of the results might be quite clear, but in bacterial cultures 
there are the complicating factors of growth and activity. The 
accumulation of acids or other inhibitory substances may be 
responsible for the reduced nitrogenous metabolism. A glucose 
bouillon culture of a fermenting organism generally has the 
appearance of heavier growth than a plain bouillon culture but it 
may show a more rapid development and shorter life than the 
plain bouillon culture. It may be that the proteolytic activity 
of these cultures is proportional to the total amount of bacterial 
growth and activity and that the sparing action of the carbo- 
hydrate is only apparent. The problem calls for more careful 
control of all the possible factors involved. 


SUMMARY 


No markedly pathogenic or toxin-producing anaerobes were 
found in the intestinal tract of the calf studied. 
Both proteolytic and saccharolytic anaerobes were found at all 
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levels of the intestinal tract but the putrefactive organisms were 
more abundant in the cecum and large intestine. 

Of all the strains studied from the calf and from various other 
sources, none produced the alpha appearance in blood agar, : 
large majority produced beta hemolysis, and some produced the 
gamma appearance. 

More than half the strains studied had the ability to hydrolyze 
the fat of cow’s milk to soaps or fatty acids. 

By noting the action of anaerobes on a few protein and carbo- 
hydrate substances it is found that each of these groups of sub- 
stances may be arranged in a series in order of the ease with which 
the substances are attacked by anaerobes. Strains which attack 
the same carbohydrates and the same protein substances form 
“metabolic groups.’”’ Within each group there is a fairly satis- 
factory correlation of morphological, physiological and pathogenic 
characters so that the groups form the basis of a convenient and 
natural laboratory classification. 

Some anaerobes produce profound changes in media within a 
few days. Some may complete their fermentative activity 
within a few days while their proteolytic activity may extend over 
several months. Others may produce perceptible fermentation 
or proteolysis only after two or more weeks and the activity may 
continue for several months. Whether the changes produced 
throughout these longer periods are due to actively growing organ- 
isms or to enzymes elaborated and released into the media has 
not been determined. 

The titratable acidity is wholly unreliable for determining the 
occurrence or non-occurrence of fermentation by anaerobes. 
These organisms often produce large increases in the buffer index 
of media. The increase in titratable acidity is not necessarily 
accompanied by increase in hydrogen ion concentration and may 
occur in the absence of fermentation. In the presence of an excess 
of carbohydrate fermentation is usually indicated by an increase 
in hydrogen ion concentration but for many strains 1 per cent of 
carbohydrate is insufficient. A few cultures have been found to 
ferment as much as 3 per cent of glucose and arrive at a hydrogen 
ion concentration only a little above neutrality. The disappear- 
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ance of the carbohydrate from the medium is regarded as the best 
evidence of fermentation. 

The chemical analysis of cultures grown in plain bouillon and 
in bouillon plus 4 per cent of glucose (always an excess) has shown 
that neither ammonia production nor amino-acid production is 
a good index of proteolysis but that the formol titration provides 
a much better index. 

The results of gas measurement show that much more gas is 
produced, though more slowly, by some of the more proteolytic 
anaerobes than by C. welchit. Gas analysis shows that the pro- 
portion of CO, to other gases found above the medium is least at 
the beginning of gas formation, increases often to 100 per cent of 
the gas given off during the intermediate period, and again 
decreases towards the end of the gas-forming period. Whether 
the gas produced by anaerobes is all from carbohydrates or not 
remains an open question. 

Although in cultures of anaerobes there is usually less proteoly- 
sis in the presence of an excess of fermentable carbohydrate many 
other factors must be taken into consideration before it can be 
said that the carbohydrate has ‘“‘spared’”’ the protein in the sense 
that it has altered the metabolism of the organisms. 
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tecognizing the importance which meat possesses in the diet 
of man; the recent popular interest shown in the demand for 
wholesome and pure food, and the vast strides which bacteriology 
has taken in the last few years; it is quite natural to surmise that 
a good deal of attention has been paid to bacteria in meat. Such, 
however, is not the case. Indeed, it is surprising to find that 
practically no direct work has been done on the subject. That 
the bacterial content of meat is of no little material interest is 
beyond a doubt. This is especially apparent when one considers 
that meat is an ideal medium for the growth and multiplication 
of bacteria; that the toxins and decomposition products pro- 
duced in meat may be of pathogenic import; that meat is often 
stored for long periods of time; and that it is exposed to con- 
tamination not only at the time of slaughtering, but through 
the various processes of handling. It would seem, therefore, that 
a certain amount of work on the determination of the number of 
bacteria in meat would not be amiss. 

It is true that this field has not been wholly neglected, but 
when touched upon, it has been in a more or less incidental way. 
Two German investigators have worked on the decomposition 
products of certain bacteria found in meat. Marxer (1903 
stated that Hamburger steak containing 1,000,000 bacteria per 
gm. was on the verge of decomposition. Weinzirl and Newton 
(1914), however, suggested that 10,000,000 per gram would be a 
more proper standard. Maurel in 1911 found a diplococcus in 
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meat. The United States Department of Agriculture published 
a monograph by Charles N. McBryde, on the “‘Souring of Hams 
Due to Bacteria.”” LeFevre (1917) isolated liquefying and an- 
aerobic bacteria from Hamburger steak, and Cary (1916), in 
sausage purchased on the Chicago market found: 


number of times 


i Ci te anewe —T Ketiuwusumahteneas 6a .-etaceuans 30 
I NINN, 65:6 den csdenddaccevene Rr eT rer re rT ee 11 
EE Ee ee ee rere eee oe ae sh lea danse give Sais e eae 9 
eee Ee eT ansla eee feeweened cae 
ere ere Te eer Te Min dke va Rae eends waekeed 8 
IS ic picdinesckéeweseeutess ie keukh odes oareeuees 5 


Slaph. aureus...... eee sind ‘ etenetane kuesn 2 


With the exception of these rather meager observations, there 
has been no other work done on this subject, so far as I know, 
until very recently when the Kellogg Company issued a state- 
ment that millions of colon germs are found in meats. The 
statement is supplemented with tables showing the number of 
bacteria in beefsteak, pork chops, beef liver, corned beef, Ham- 
burger steak, and pork liver. Indeed it was the interest aroused 
by this statement which prompted the present bit of research. 

The subject presents many interesting features, and at the 
outset, it was hoped that several of the more special problems 
might be touched upon, such as the difference in the bacteri- 
ological counts of meats under varying conditions. For instance, 
counts were to have been made on samples from the interior of 
meat, and from exposed surfaces; also meats remaining in the 
store for varying lengths of time were to be examined. Successive 
tests were to have been run on samples which had remained in 
the ice box for varying lengths of time. Comparisons of the 
bacterial content during summer and winter were subjects which 
would have added interest, and possible value to the main ex- 
periment. But aside from the difficulty of obtaining accurate 
data from the storekeepers and butchers, it was found that time 
was a limiting factor. It was, therefore, decided to limit the pro- 
ject so as to include only the number of bacteria found in ordinary 
meat offered for sale in the markets, without special reference to 
the conditions to which the meat had been previously exposed. 
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Even though the field was thus narrowed, it has been impossible 
to allot to it the amount of time that such a subject warrants. 


The meat studied was purchased from local markets; and in 
order to obtain fairly representative samples, it was obtained 
from as many different sources as possible, including some nine 
different stores. Necessarily, those stores were confined to a 
rather restricted area, so that much of the meat was probably 
supplied by the same wholesale dealers. 

The samples had been taken from all the ordinary cuts gotten 
from the various animals, including beef, pork, mutton, veal, 
as well as prepared meats, such as sausage, bologna, pudding, 
Frankfurters, canned meats, chipped beef, cooked ham, ete. 


TECHNIQUE 


As has already been stated, almost no work has been done on 
this subject, so there has been no definite procedure to follow. 
Trituration of the meat in a mortar with sand was thought of 
but dismissed on account of the difficulty of carrying out the 
operation under sterile conditions. A ball mill was tried and 
found to be entirely unsatisfactory. In spite of many imper- 
fections, a meat chopper, fitted with the fine adjustment (nut- 
meal grinder) was finally adopted. The meat chopper was at 
tached to a wide-mouthed bottle so that the grinding end ex- 
tended down into the mouth of the bottle and all crevices and 
joints were packed with absorbent cotton. The mouth of the 
grinder was covered with paper. The top of the bottle, the 
graduates used, ete., were wrapped in paper and the whole ap- 
paratus sterilized in the hot air oven at 170°C. for two hours. 
Later, cotton was not used, but the whole apparatus bottle, 
with grinder attached, was placed in a paper bag and sealed 
before sterilizing. 

After the apparatus had been sterilized, the meat was run 
through the grinder into the bottle, which had been previously 
weighed. The meat was then weighed in the tared jar and 
enough sterile water added to bring the dilution to 1:100. (In 
many cases it was found to be more convenient to make a 1:25 
dilution.) The solution was then further diluted in test tubes, 
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Cc. M. BREWER 


by means of sterilized water blanks. Dilutions of 1:10,000; 
1: 100,000, and 1:1,000,000 were made and plated on litmus agar 
at 37°C., plain agar at 37°C., plain agar at 20°C., and gelatin at 
20°C. The plates were incubated for three to four days before 
counting. 

Inasmuch as specific identification of all the bacteria found in 
the meat would have consumed an undue amount of time and 
labor, it was thought best to run semi-qualitative tests on the 
samples. Therefore, an effort was made only to determine the 
general types of bacteria which infect market meat. In this con- 
nection, the samples were plated on litmus agar for the purpose 
of determining acid-formers. Gelatin was used to designate the 
liquefiers. Molds, chromogens, the colon group, putrefactive 
organisms (to a lesser degree), streptococci, B. subtilis, B. mycoides 
etc., were readily distinguishable from the appearance of the col- 
onies. Carbol fuchsin stains were made of suspected cocci, and 
of any unusual colonies. 

The majority of the samples of meat were ground and plated 
within one-half to one hour after they reached the laboratory, 
or about two hours after being purchased. In the rest of the 
cases, the meat was kept in an ice box not longer than five hours 
before “running it through.”’ 

As has been intimated, the procedure at best admits of con- 
siderable error. In using the finest grinder obtainable, the meat 
was ground so that varying portions of it were small enough to 
remain in suspension, but the remainder was left in compara- 
tively large particles, which settled out, and were capable of 
harboring thousands of bacteria. After the experiment had been 
progressing for some time, the test of shaking the solution in a 
machine was tried. It was found that the results, when com- 
pared with those of samples shaken by hand, varied slightly 
but not appreciably. And considering the added risk of con- 
tamination during the transference to the shaking bottles, 
mechanical shaking was regarded as being of insufficient value 
to offset the disadvantages involved. Another weakness mani- 
fest in the technique was the diluting of the samples. During 
this operation, the meat was liable to contamination. 
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The work necessarily proceeded but slowly, partly due to lack 
of sufficient apparatus. Sterilization in the autoclave proved to 
be unsatisfactory on account of the large amounts of water which 
condensed in the jar, with a consequent inaccuracy of weighing. 
Furthermore, the thick glass jars would not stand the sudden 
rise in temperature. For this and minor reasons there was in- 
sufficient time to run more than one or two samples on many 
of the different cuts of meat, whereas five or six samples would 
have been of value in establishing a truer average. 

TABLE 2 


Gene ral summary 


TYPE OF MEAT 
Fresh beef.. 
Fresh pork..... j 765,636 
Smoked pork......... . 363,944 
Fresh lamb ere , j 10,637,708 
Fresh veal.. 5 201,557,815 


Compositions or prepared meats* 83,999, 335 


* Excepting smoked or cured meats. 


DISCUSSION 


An interesting feature of the results, as can be seen from the 
data in table 1, was the wide difference in the number of colonies 
which often existed between the plates incubated at 20°C. and 
those incubated at 37°C. In many cases not only did the num- 
ber of colonies differ on the two sets of plates, but the nature of 
the colonies presented a marked contrast in appearance. Very 
often the resemblance between the agar plates at 20°C. and the 
gelatin plates, incubated at the same temperature, was more 
striking than was the resemblance of the two sets of agar 
plates, incubated at different temperatures. It was usual for the 
number of colonies grown at 20°C. to far exceed those grown at 
37°C., though in a few cases those on the 37° plates equalled or 
outnumbered the former. The average number of colonies per 
gram, on agar, at 20°C. was 123,814,009 and at 37°C. was 
65,200,708. A partial explanation of this phenomenon lies in the 
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fact that practically all the meat was purchased during cool 
weather. It was keenly regretted that it was impossible to con- 
tinue the experiment through the summer months, in order to 
note the influence warm weather would have on this phase of the 
subject. 

In viewing the tables, it should be noted that the colon group 
is a very persistent invader in all types of meat, in fact, its col- 
onies far outnumbered all others. Putrefactive organisms were 
easily second. Pathogenic organisms occur rarely in market 
meats, no doubt due largely to the rigid Government inspection. 
Local contamination in the market, after the meat has passed 
inspection, would account for most of the pathogens found. 
In this experiment large numbers of cocci, including short- 
chained streptococci, were observed, but in such cases the or- 
ganisms grew much more abundantly, or solely, on the 20°C. 
plates. 

Unfortunately, the table giving the general averages for the 
numbers of bacteria in the different types of meat may be some- 
what misleading. For instance, the data show that veal con- 
tains a much higher average than all the other meats, whereas 
it is probable that the prepared meats were really higher in count 
than other meats. The probable deception in this case is un- 
doubtedly due to the small number of samples used in caleu- 
lating the veal average, one high count sample raising this aver- 
age much higher than did high counts in cases where a larger 
number of samples were examined. The figures given for smoked 
meats, however, are more uniform. It will also be seen that the 
bacterial content is much lower than in the case of fresh meats. 
This is no more than would be expected as the water content of 
smoked meats is lowered, thus affording a less favorable medium 
for the growth of bacteria. Also, many bacteria are doubtless 
killed at the time of smoking and curing. 

It is very difficult, if not impossible (at least for the untrained 
eye), to ascertain the comparative contaminations of moderately 
fresh meat. Where many of the high counts were obtained, no 
clue was given by the appearance of the meat. As a rule, of 
course, meat which was not in good condition when purchased, 
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contained great numbers of bacteria. But this was not neces- 
sarily true as in one or two instances, meat which did not appear 
to be particularly fresh gave only a moderate number of colonies 
when plated. 

Little work has been done on determining at what stage, during 
the process which the meat undergoes in reaching the consumer, 
the bulk of contamination enters. Conradi and others have 
found bacteria in muscles of healthy animals. He expressed the 
opinion that they were absorbed from the intestines along with 
the food. It is reasonable to suppose, however, that much of the 
infection occurs at the time of slaughtering, while additional 
bacteria are acquired during each successive handling. 

It may be well to note that these data have been obtained from 
a comparatively few determinations. The samples were pur- 
chased from small meat markets. The counts may, therefore, 
be somewhat higher than those obtained from the large markets, 
for in them the meat is necessarily handled more efficiently. 

To offset this condition, however, no attempt was made to 
cultivate or count the anaerobic bacteria which were present in 
the meat. The sub-surface colonies which formed in the agar 


plate were facultative anaerobes, and largely organisms of 
decay; but the true putrefactive bacteria being anaerobes will 
not grow in the presence of atmospheric oxygen. 


CONCLUSIONS 


The conclusions which may be drawn are as follows: 

1. Counts from different samples of the same cuts of meat 
usually varied more than those from different meats. 

2. Prepared meats usually contained more bacteria than fresh 
meats. 

3. Smoked meats contained a much smaller number of bacteria 
than fresh meats. 

4. Of the bacteria encountered in the different meats, the 
colon group predominated. 

5. The appearance of fresh meat could not be taken as an 
index to its bacterial content. 
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The automatic transferring apparatus devised by Felton and 
Daugherty (1924) suggested to the author the idea of attempting 
to induce continuous growth of microérganisms through ordinary 
media contained in glass tubes several feet or yards in length. 
This plan appeared commendable because it would obviate the 
mechanical and other disturbance incident to transfer, and would 
afford a continuous view of the organisms reacting to their envi- 
ronment. It was found that the progress of the organisms through 
the tube could easily be followed and the degree of activity thus 
estimated quantitatively. 

A stock strain of Escherichia coli (B. coli) obtained at the 
Army Medical School and known as “‘S3”’ was used in the earlier 
experiments. Later an organism belonging to the colon group 
was isolated from feces and grown as described. This organism 
will be referred to as ‘‘S4.”’ 


TECHNIQUE 


Ordinary glass tubing of 3 to 5 mm. outside diameter was auto- 
claved in 5-foot lengths and these lengths sealed end to end in the 
blast lamp until a tube 30 feet long was obtained. Under aseptic 
precautions, meat extract broth of pH 7.6 was aspirated into the 
tube, care being taken to avoid air bubbles. One end of the 
tube was then sealed in the blast lamp, and the open end was cut 
off 1 inch longer than the column of contained broth. Inocula- 
tion was done by introducing about 1 ¢. mm. of a twenty-four- 
hour slope culture of one or other of the organisms referred to 
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above. With a wire loop, the inoculum was emulsified in the 
broth near the open end of the tube. The tube was then left 
in a horizontal position at room temperature (76° to 89°F.). 

For purposes of description, the inoculated end of the tube 
will be called the rear or proximal end; the other end, the forward 
or distal end. The most distal or forward visible growth will be 
referred to as the “head of the column”’ of organisms. 

It was found by repeated trials that the progress of the bacilli 
from proximal to distal end of the tube could be satisfactorily 
followed with the unaided eye, as will be seen from the following: 
After dividing the tube into two at a point } inch in advance of 
the head of the column, it was often found that growth later 
occurred in the distal portion of the tube. When, however, the 
tube was divided at a point 4 inch in advance of the head of the 
column, the distal segment of the tube remained sterile, thus 
indicating that visible turbidity kept up to within } inch of the 
most advanced bacilli. That is, clearness of medium could 
be reliably accepted as proof of sterility except as regards the 3} 
inch of medium immediately in advance of recognizable turbidity. 

Consequently, when turbidity was accepted as a guide to the 
progress of the bacilli from proximal to distal portions of the tube, 
the limit of error was within } inch. In the experiments reported 
in the following paragraphs, the rate of progress of the organisms 
through the tube was always judged by observations of turbidity. 

The S83 organism grew and progressed for twelve days without 
change in speed or other visible alteration. At the end of this 
time it had reached the end of the tube, and the experiment was 
terminated. The rate of progress was smooth and uniform, 
and in a dozen tubes averaged about 4 feet per day or 5 cm. per 
hour. ‘The 54 organism progressed at a uniform but slower rate. 

The turbidity regularly took on a characteristic form. It was 
more opaque at the head of the column. The turbidity produced 
by the 83 organism when viewed in profile, appeared as one or 
two triangular areas of dense whitish turbidity separated by a 
streak of relatively clear medium 1 mm. wide and running trans- 
versely across the tube. About 3 to 5 em. in rear of the head 
of the column appeared a second triangular turbidity, similar 
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to the first, and this was also in some instances bifid or double 
Between these two densely turbid areas was a segment of almost 


clear medium 3 to 5 em. long. The S84 organism produced 


thin elliptical dise of turbidity inelined at an angle of about 45 
| 


degrees and sloping from below upwards and backwards, as can 
be seen in figures 1 and 2. This peculiar formation constitutes 


the head of the column in S84 cultures. It was usually ! to 1! 


i 


Brorn Tust 

Tubes 1, 2. 3 and 4 cont 
10 contain cultures six hour 
moving towards the left Or 
5 to 10 inclusive The mo ‘ 


mass of turbidity It is disk-shape 


inches in advance of the main mass of turbidity 


turbid dise, followed a segment of almost clear fluid mediuw 

and then in turn followed the main mass of turbidity as shown in 
figures | and 2. If the tube was twirled until the dise became 
hazy, it soon formed up again, took on its charaeteristic shape 


and angle, and proceeded as before. 
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The peculiarities of outline of the main turbidity persisted 
as the mass progressed through the tube. In figures 1 and 2, 
a sharp peak of turbidity can be seen about the middle of the 
main mass of turbidity in tubes 8 and 10. During the fifteen- 
minute intervals intervening between the two photographie 
exposures, this peak had progressed about } inch. 





hia. 2. Same Tupes SHown 1N Ficure 1, pur FIrreen Minutes LArer 


Comparison Ot figures l and 2 will show that practically all landmarks per- 


isted iltho 


] 


gh they moved to the left nearly |} inch during the fifteen-minute 


nterva 


In figure 1, dark crescentie areas indicating lack of turbidity 
are seen about the middle of the main turbidity in tubes 5, 6 and 
7. In figure 2, these areas are seen to have progressed a certain 
distance through the tube, while maintaining their individuality. 
Some alteration in the arrangement of the head of the main 
mass of turbidity is seen in tube 8. 

Tubes 1, 2, 3, and 4 illustrate the progress of turbidity during 
the first three hours after inoculation. During this early period, 
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Fic. 3. Tuspe 50 Ferer LonG anp 1 cM 
( 


Joined with rubber cuffs, collodionized 


apparatus including two flasks of broth 
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the bacteria appear to be, as it were, walking on the bottom of 
the tube. 

The mobile colonies of S83 also, when twirled, lost character 
and became a vague haze, but after five minutes the turbidity 
again took on its usual outline. This process was repeated six 
times with the same result. 

\fter the second day, the turbidity in the rearmost or proximal 
portions of the tube settled and formed « whitish streak about 
| mm. wide in the bottom of the tube. 

In one experiment, 838 was grown under aerobie conditions. 
\ larger tube was used, 1 em. in diameter. It was levelled care- 
fully, and fluid medium was run tn until it steed at the desired 


level. ‘Lhis was done only after repeated trials. Figure 3 shows 
such an aerobie tube 50 feet long. The organism grew through 


this tube at an averege rate of 3 linear feet per day. 
DISCUSSION 


‘This method of following the progress and estimating the activ- 
ity of microérganisms is economical of time and materials. The 
method is favorable for observing the effect of different sub- 
-tances or influences on bacterial 2ctivity. 

It appears that the bacilli investigated practically never diffuse 
uniformly through liquid media contained in glass tubes in hori- 
zontal position. Several explanations of their behavior suggest 
themselves. The colonies could be conceived to be due to 
more favorable conditions for growth at certain fceal points. 
If the favorable conditions were due to substances dissolved 
in the fluid, it is difficult to understand how the mobile colony 
could carry them along with itself. This is evidently done, 
however, for the successive colonies In many instances pass any 
given point like a procession. It appears likely that the favor- 
thle conditions either inhere or are attached to the bacilli them- 
selves, and that they act as a group, carrving along with them 
their favorable conditions as they progress. As individuals, 
they seem to manifest positive tropism towards each other. As 


a group, the mobile colony appears to manifest positive tropism 


towards the adjacent sterile broth. 
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The persistence of form manifested by the advanced disc in 54 
cultures and the advanced triangle in 83 cultures suggests that 
the bacteria forming these are entangled by their cilia, and thus 
constitute mobile colonies in liquid medium. 

For the 83 culture, and for assistance and counsel, thanks are 
due Major Henry J. Nichols, M.C., Army Medical School. For 
the S84 culture thanks are due Captain Charles B. Spruit, M.C., 
U.S. Army. For the photographs I am indebted to the enlisted 
photographers, Walter Reed General Hospital, and to Private 
first class George Bowers, Medical Department, U. 8. Army. 


SUMMARY 


1. Bacilli of the colon group have been cultivated in glass tubes 
30 feet long and 3 mm. in diameter. 

2. These bacilli progress through the tube at a uniform rate, 
usually about 4 feet per day for 83 and about 2 feet per day for 
S4. 

3. Instead of diffusing uniformly through the tube, the bacilli 
form one or more relatively compact turbid areas called mobile 
colonies. 

4. Bacilli of certain strains regularly form mobile colonies of 
characteristic shape, and if such colonies are disturbed by twirling 
of the tube, they again form themselves into the usual shape after 
a few minutes. 
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The mode of formation and function of the club-shaped struc- 
tures found in the granules in the pus from lesions due to Actino- 
myces have interested bacteriologists since the first observations 
upon the “ray fungi.’’ During this period two theories have been 
advanced to account for these ‘‘clubs’’; one attributing to them a 
developmental part in the life cycle of the organism, the other 
regarding them as thickenings of the sheaths enclosing the fila- 
ments as a protection against the effect of animal fluids. Most of 
the writers on the subject have accepted the latter view, especially 
since the work of Wright (1905), who, although able to obtain 
growths of Actinomyces bovis and Actinomyces hominis exhibiting 
“clubs,”’ succeeded in bringing about the formation of clubs 
only in media containing serum or similar animal fluids. 

The observations to be recorded in this paper indicate that it 
is not correct to regard club-formation by Actinomyces as exclu- 
sively the result of an interaction between the organism and ani- 
mal fluids. As will be shown, club-formation may take place in 
simple media, free from serum and other animal protein. This 
report will include observations on the manner of growth of a 
filament from a club, and a note on a culture of B. actinomyce- 
tum-comitans, which apparently has not been hitherto described 
in this country. 

The material from which the strain of Actinomyces hominis 
was isolated was pus obtained by aspiration of a cervical lymph 
node of a patient, Yurick, at the Johns Hopkins Hospital in 1920. 
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The bacteriological studies were made in the laboratory of the 
Department of Pathology of the Johns Hopkins Medical School. 

As the material was obtained from a closed lesion, the trouble- 
some secondarily invading bacteria were fortunately absent. 
The pus contained typical “sulphur granules,’”’ composed of 
leucocytes and clusters of the branched filaments and clubs 
characteristic of the ray fungus. In an unusual Gram stain, the 
branched filament retained the purple dye, while the sheath and 
its club-like thickening stained brilliantly with saffranin. The 
appearance of this preparation is indicated in the microphoto- 
graph reproduced as figure 1, plate 1. There were Gram-negative 
particles among the filaments in the pus, but these were at first 
regarded as detritus. 

The cultures were obtained by placing the pus containing the 
actinomycetic granules in tubes of 1 per cent glucose meat infu- 
sion agar and 1 per cent glucose meat infusion broth. The 
media had been sterilized in the autoclave and neither serum nor 
ascitic fluid was added. Their reaction was pH 7.6. The pus 
was distributed by means of a glass pipette throughout the 
length of the column of agar, about 10 cm., in the tube con- 
taining it, after the agar had been melted and cooled to 40°C. 

After five days’ incubation at 37°C. there was definite growth in 
both sets of tubes. In the tubes containing the glucose agar, 
the growth formed a granular yellowish ring about 2 mm. in 
thickness at a level about 1 em. below the surface of the agar. 
The organism. was not a strict anaerobe, but grew slightly on the 
surface and fairly abundantly under reduced oxygen tension. 
It was characteristically a microaerophile. In the bottom of 
tubes of glucose broth, yellowish chalky granules gradually 
increased in size until some reached a diameter of 1 mm. or more, 
having irregular shapes. These granules and the colonies in the 
agar were composed of tangled filaments, which were Gram- 
positive. The filaments branched and showed a great deal of 
granular fragmentation. They were easily broken up into 
bacillary forms by crushing the colony ona slide. In the ordinary 
preparations, made by smearing the granules on slides, no distinct 
sheath or club-formation could be seen. 
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In order to preserve the natural arrangement of the filaments 
and their clubs, the colonies obtained from the second and third 
generations of the growth in glucose broth were fixed, embedded 
in paraffin, sectioned and stained. The fixing fluid used was 
Bouin’s, prepared as follows: 


Picric acid (saturated aqueous solution 
Formol (40 per cent 
Acetic acid (glacial 


The broth was decanted from the tube containing the sediment 
of the growth of Actinomyces and 10 ec. of Bouin’s fluid was 
poured in over the colonies. After twenty-four hours, the colon- 
ies were lifted out gently by means of a large caliber pipette and 
dropped into water in order to wash them. By similar manipula- 
tions, they were dehydrated in alcohol and embedded in paraffin 
in the usual manner. The sections finally obtained were fixed 
to glass slides and stained by a modified Gram method, using 
carbol methyl! violet B in place of aniline gentian violet, and 
counterstaining with aqueous eosin. At the end, they were 
passed rapidly through absolute alcohol or blotted dry, and 
mounted in balsam under a cover slip. 

In section, the colonies had the same appearance as those shown 
in the illustrations accompanying Wright’s (1905) paper. ‘They 
were hollow or curved like part of a shell. Near the outer edge 
there was a densely staining convex mass of tangled filaments. It 
seemed as if this region had been the most active zone of growth 
and that on account of the unilateral extension of the growth in 
this part of the colony a curvature of the mass had been produced. 
The appearance of a section of a colony is shown in figure 9, 
plate 1. 

The filaments at the inner and outer edges of this zone con- 
tained a central core of Gram-positive substance enclosed in an 
eosin staining sheath of hyaline material. Many of the freely 
projecting filaments closely resembled the clubs seen in the 
granules from the lesion of the patient with actinomycosis, and 
looked exactly like the structures found by Wright in sections oi 
the colonies in his cultures. These formations are shown in the 
microphotographs, figures 2 to 8, plate 1. 
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The relation of the sheath to the club-shaped extremity 
appeared most clearly in a detached branching filament. The 
sheath could be seen covering the whole length of this granular 
filament, gradually thickening to a moderately bulbous extrem- 
ity, forming a club at the end of the filament (fig. 2, plate 1). 

Numerous attempts were made to determine what portion 
of the club took part in the growth of the organism. To do this, 
the granules in the original pus were mashed between sterile 
slides, emulsified in drops of salt solution, and transferred to the 
cover glass of the moist chamber used in micropipette manipula- 
tions. By means of a Chamber’s pipette holder, single clubs 
were picked out of these drops, transferred to drops of glucose 
broth on sterile cover slips and incubated as hanging drops over 
hollow ground slides. Most of the clubs thus isolated failed to 
show any change. In two instances, however, growth of the 
filament took place slowly, reaching a length of about 50 to 100 
micra in ten days, and then stopped. This growth occurred at 
the thin tapering proximal end of the club, as shown in the 
accompanying drawings (text-fig. 1). There was no change in 
the club itself. The proliferative part of the structure seemed to 
be the remnant of thin filament attached to its inner narrow base. 
This suggests that the thickened sheath composing the club is an 
older, swollen part of the same sheath which covers the filament, 
while the actively growing region of the organism is a lower part 
of the filamentous stem or mycelium, which by lengthening, 
pushes the club forward. 


B. ACTINOMYCETUM-COMITANS 


It has been mentioned that among the filaments of Actino- 
myces in the pus from the lesion there was in addition to leuco- 
cytes a granular Gram-negative material. These granules were 
not thought to be bacteria until the cultures were examined. In 
the smears from the colonies of Actinomyces in glucose agar and 
broth, this Gram-negative granular material reappeared in 
abundance, and in the glucose broth cultures there were flakes 
adhering to the sides of the tubes which were found on examina- 
tion to be composed of small Gram-negative cocco-bacillary 
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forms. When these flakes were transferred to fresh tubes of 
glucose broth they slowly increased in size and number, some 
sinking to the bottom, others adhering to the sides of the tubes. 
On the surface of glucose agar, the growth from one of these 
flakes formed a thin, dry, granular slightly yellow, hard growth, 
which clung to the medium. Acid without gas was formed in 
glucose and lactose broth. Gelatin was not liquefied. The 


Fia. 1. Growrn or FILAMENTS OF ACTINOMYCES HOMINIS FROM THE PROXIMAL 
ENpbs or Tae CLuBs 
Drawings of isolated clubs in hanging drop cultures. Top row; original 
appearance of the club. Bottom row; same club after ten days incubation, 
showing the growth of branched filaments from them. 


organism was not motile. In subsequent transfers, in a new batch 
of glucose broth, the growth produced turbidity as well as 
yellowish flakes. 

Morphologically and culturally, this cocco-bacillus seemed to 
correspond to an organism first described by Klinger (1912) and 
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named by him B. actinomycetum-comitants. This trinomial will 
be changed ultimately to conform with the standards of bacterio- 
logical nomenclature, but it does not seem worth while to do 
that until we know more about the organism. Colebrook (1920) 
found the same organism in 80 per cent of the cases of human 
actinomycosis studied by him, and as in the case recorded in this 
paper, obtained the organism from the pus of a closed lesion. 
Its presence in a closed lesion seemed to exclude the possibility 
of its entrance into the lesion from the immediate exterior. This 
observation is the first report of the occurrence of B. actinomyce- 
tum-comitans in this country, but does not advance the knowledge 
of its significance beyond the facts noted by Colebrook (1920), 
to whose paper reference is made for a complete statement of all 
that seems to be known about this bacterium. Colebrook, who 
has compared the cultures of B. actinomycetum-comitans isolated 
by him with a culture of the “actinobacillus’’ of Ligniéres and 
Spitz is of the opinion that the two organisms are different. 
B. actinomycetum-comitans does not grow conspicuously except 
when alone in a tube of medium. It can be easily overlooked, 
being mistaken for detritus in the pus of lesions or for degener- 
ated particles of Actinomyces in culture media. It is suggested 
that it be searched for particularly by bacteriologists dealing with 
actinomycosis, in order to accumulate the data needed to explain 
its presence and significance in the lesions and to establish its 
position among the bacteria. 


SUMMARY AND CONCLUSIONS 


Cultures of Actinomyces hominis, isolated from a closed lesion 
of a patient with actinomycosis, were grown in glucose agar and 
glucose broth without the addition of serum or any other animal 
protein. The colonies formed in the glucose broth were fixed 
in Bouin’s fluid, embedded in paraffin, sectioned and stained by a 
modified Gram’s method. The natural arrangement of the fila- 
ments was preserved in these sections and club formation could 
be studied advantageously. The filaments at the edges of the 
colonies were found to be enclosed in sheaths of hyaline material 
which terminated in bulbous thickenings over the ends of the 
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filaments. This type of club formation closely resembled the 
clubs seen in granules of the ray fungus in pus, and demonstrated 
that the characteristic clubs can be formed by organisms growing 
in simple media. It is concluded, therefore, that animal fluids 
are not essential as a stimulus to club formation by Actinomyces 
hominis. 

When isolated clubs from the original material were observed 
in hanging drops of glucose broth, growth in two instances was 
seen to take place from the portion of the filament attached to 
the proximal narrow end of the club. The bulbous portion of 
the club took no part in growth in these cultures. 

B. actinomycetum-comitans (Klinger, 1912) was found associated 
with the strain of Actinomycetes hominis isolated from this patient. 
This is the first recorded observation of the occurrence of this 
organism in the lesions of actinomycosis in this country. 
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EXPLANATION OF PLATE 1 


Fic. 1. Microphotograph of a preparation of branching clubs of Actinomyces 
hominis, showing the appearance of these structures in the original pus from 
the lesion. Gram stain. Gram-positive eentral filaments surrounded by hya- 
line Gram-negative sheaths. x 3000. 

Fic. 2. Isolated branched filament from a culture of this strain of Acti- 
nomyces hominis in glucose broth. This shows the relation of the sheath cover- 
ing the granular filament to the bulbous thickening composing the club. Pho- 
tograph of Gram-stain preparation. X 3000. 

Fic. 3, 4, 5, 6, 7, 8. Clubs and filaments enclosed in sheaths formed at the 
edges of colonies of the culture of Actinomyces hominis in glucose broth. Photo- 
graphs of sections stained by Gram stain. X 6000. 

Fia. 9. Cross section of a colony of Actinomyces hominis from the growth in 
glucose broth. This shows the curvature and hollowness of the colony and the 
thick zone of proliferation near the outer edge. Photograph of Gram stain 
preparation. X 200. 
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INTRODUCTION 


Perhaps few questions in bacteriology have aroused more dis- 
cussion, often bitter in character, than has that of bacterial 
mutation. Likewise, on few questions has there prevailed more 
ignorance of the fundamental biology that of necessity underlies 
variability of any degree, be it great or small. Accordingly, the 
great volume of literature that has grown up about the subject 
has consisted almost wholly of observations that have lacked the 
common denominator of a guiding principle. 

The first paper of this series (1925), predicating as it does a 
sexual cycle for the bacteria, makes possible a theory or mechan- 
ism for this important phenomenon which is grounded in botanical 
considerations. The reader is referred to this paper for morpho- 
logic detail and other supporting evidence which is at the same 
time so intimately related to the material to be presented here. 
This theory has been applied to the developmental mechanism 
involved in the genetics of that classical variant of the enteric 
organisms, namely, the B. coli-mutabile of Neisser (1906) and 
Massini (1907). Inasmuch as their work has been so frequently 
confirmed, and particularly by the single cell method, its relation 
to our theory in respect to the mechanism involved becomes of 
signal interest. 

Irrespective of the mechanism of variation the validity and fre- 
quency of the phenomenon has become more firmly established 
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as a result of the influence of the bacteriophage, an agent whose 
action in this respect is subject to rather definite control. A\l- 
though the studies of d’Herelle (1922) with the bacteriophage 
have disclosed no botanical mechanism for his variants, it is 
pertinent that he invokes the sexual hypothesis as the most 
probable explanation for the origin of certain of his resistant 
coccoid forms, which recall our ‘‘giant coccoids’’—more precisely, 
zygospores and gonidia. 

The work begun by Rodet (1894) on the pleomorphism of 
B. coli and followed by that of Adami and Abbott (1899) on a 
coccus phase for this same organism pointed the way for a host of 
similar studies which leave no doubt of the great lability of the 
group of enteric organisms. In addition to the striking work of 
Neisser and Massini (loc. cit.) with B. coli-mutabile we have also 
the work of Penfold (1911) and others who associate variation 
with secondary colony formation, without however, apprehending 
the botanical nature of this formation. The work of Prell (1917) 
on the cyclomorphism of B. coli and of Eisenberg (1918) and of 
Bergstrand (1923, 1924) each deals with a different aspect of the 
problem, while those of Arkwright (1921), Andrewes (1922) and 
Brein| (1922) have a singular practical significance in diagnostic 
work involving the agglutination-adsorption reaction. 

To appreciate the desirability for some fundamental general- 
ization that will help correlate the mass of disconnected obser- 
vations with modern genetic theory one need read but one paper 
in this field—that of Prell (1917)—and attempt to decipher his 
fluctuations, modifications, transformations and variations! 


EXPERIMENTAL 


On the genetic origin of Neisser and Massini’s B. coli-mutabile 


These authors describe a strain of B. coli isolated from a case 
of enteritis that failed to ferment lactose when planted on an 
Endo plate except under the following conditions: When the 
plates were left at 37° for from 72 to 96 hours “‘red”’ or lactose- 
fermenting daughter colonies appeared in the ‘white’ or non- 
lactose-fermenting ones. On transfer to a fresh Endo plate the 
‘“‘red’”’ colonies promptly form acid and breed true, while the 
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“white” margins of the mixed colonies or the all ‘“‘white”’ colonies 
yield non-lactose-fermenting colonies unless they be left at 37 
until the daughter or secondary “‘red’’ colonies develop. No 
daughter colonies are formed from the ‘“‘red’’ colonies. Although 
their cultures were not started from single cells as were those of 
Kowalenko (1910) and others who confirmed their work, the 
careful nature of their plating experiments leaves little doubt of 
the correctness of the observations of these authors. Their ex- 
periments do not reveal why all the bacilli of the ‘white’ colony 
do not become ‘‘red”’ nor indeed why any of them should do so 
neither do they intimate how such a peculiar strain of B. col 
came into being, all of which points our experiments attempt to 
explain. 

The B. coli studied by us was the Nx strain described in the 
first paper of this series (Mellon, 1925). As indicated there its 
capacity to develop conjugating forms from large fungoid filsa- 
ments was conspicuous. A single celled culture of this strain was 
planted in glvcerophosphate broth of a pH of 68 at 87°C. This 
broth was prepared by adding 1 per cent disodium glycerophos- 
phate to a veal infusion containing | per cent pepton and 0.5 
per cent NaCl, as suggested by us in a previous paper on the 
subject (1921). After twenty-four to forty-eight hours in this 
broth the culture showed a pellicle containing myriads of the 
pleomorphic elements just mentioned. 

The culture after standing two months at room temperature 
was plated out on a glycerophosphate Endo agar, and there were 
dissociated from the rather rough spreading colonies of the normal 
form of the organism a few smooth circumscribed small colonies 
which were very mucoid in character. In contrast to the normal 
form the Endo medium was unaffected by these colonies, which 
as we will show were the immediate ancestors of the B. colj- 
mutabile. When transferred to an agar slant for twenty-four 
hours these colonies grow as large coceoidal forms in the conden- 
sation water. Since none of the small normal sized B. coli were 
present it seems quite clear that these mucoid colonies represented 
a reproduction of the large coccoid forms (fig. 1) whose immediate 
antecedents were the zygospores developed in from twenty-foun 
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to forty-eight hours in the broth culture. The long residence in 
the broth stabilized these coccoid forms so that on transplant 


they reproduced as such under suitable conditions. However, 
on the ag: 


gar slant they sprouted out into coarse filaments and 
rods (fig. 2), which in turn showed zygospore formation in all 


stages ol development. | or exnimple, figure 3 (ata shows one ol 
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the final stages in the development of the zygospore. As is char- 
acteristic for the process of isoganic conjugation it is located at 
the junction of two cells, the central chromatin of which is still 
attached to the developing form. Since the serial development 
of the process with this strain is shown to much greater advan- 
tage in the first paper of this series its repetition here is un- 
necessary. 


The fact that these zygospores when inoculated into broth 


could, under the warm stage, be observed to reproduce as enor- 
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mous coccoids seems to leave no doubt that the coarse fungoid 
pleomorphic stage of the original culture had been dissociated 
from the stage showing ‘“‘normal’”’ morphology. Moreover the 
fact that this stage, although reproducing as a coccoid in broth, 
was shown to have a filamentous or rod phase on agar, which 
gave rise directly to the zygospores, and that these again ger- 
minated as coccoids and cocci in the broth, not only completes 
the cycle but identifies this fungoid variant with the zygospore 
producing phase of the original culture. Occasion is taken again 
to point out that this mechanism of dissociation is no different 
from that previously pointed out by us (see list of references, 
Mellon, 1925) and of which other examples will be given as the 
series progresses. 

When kept in rapid transplant the strain was stable and the 
morphological picture constant, but when standing for longer 
periods than a few weeks the tendency was definitely for a re- 
version to the original morphology where the smaller bacillary 
form dominates. Single celled cultures ruled out the possibility 
of these smaller forms being present in the large fungoid culture as 
dissociated from the original Nx strain. 

That this fungoid stage characterized by the zygospore proc- 
ess and by the absence of normal sized B. coli is associated with 
functional aberrancy is clearly indicated by its failure to ferment 
lactose with either acid or gas. This is in marked contrast to the 
original culture which ferments the sugar violently with acid and 
gas within twelve hours. The agglutination reactions of the two 
strains showed them to be serologically identical. Some months 
later one of the older cultures of this strain dissociated a slender 
fairly long type of organism which fermented lactose broth to a 
pH of 6.1 after six days but produced no gas. Its serology still 
remained unchanged. 

This delayed lactose fermenting variant which represents an 
incomplete reversion of the wild fungoid type toward the normal 
actively fermenting type, ¢s in reality the classical B. coli-mutabile 
whose obscurity genetically now seems to be clear. When plated on 
Endo it developed after twenty-four hours medium sized ‘‘white”’ 
colonies in which after forty-eight to ninety-six hours at 37 
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secondary or daughter colonies appeared, some of which were 
“‘red”’ and others “‘white.”’ 

Now, at this stage we found that if the “‘red’’ secondary col- 
onies were plated, a mixture of pure ‘‘red’’ and pure ‘‘white’’ 
colonies were formed after twenty-four hours, and from then on 
the ‘‘red’’ ones bred true, as did the ‘‘white’’ ones except as the 
latter were permitted to dissociate the ‘‘red’’ secondary colonies 
by prolonged incubation. Irrespective of whether the secondary 
colonies were ‘“‘white’”’ or “‘red’’ they yielded acid on transfer, 
while transfer from the periphery of the colony where no daughter 
colonies were present invariably yielded pure ‘“‘white’’ colonies. 
This strain is representative of Massini’s B. coli-mutabile, and was 
derived genetically from the non-lactose fermenting fungoid stage of 
B. coli. The latter strain was in its turn dissociated from a pure 
line typical B. coli vigorously fermenting lactose with both acid 
and gas. The B. coli-mutabile strain did not regain its capacity 
to ferment lactose with gas. 

Further experiments served to explain why all the bacilli in a 
given colony could not develop to a point where lactose was 
produced. It appeared that the reaction itself, or some meta- 
bolic products associated with it, inhibited this evolution on the 
part of the remainder of the bacilli, inasmuch as adjacent pure 
“white”? colonies which were subject to the diffusion of such 
products from the “red’’ colonies would not form secondary col- 
onies even after two weeks. That their capacity to do so was merely 
inhibited was clearly revealed by their transfer to fresh Endo 
where numerous secondary ‘“‘red’’ colonies developed after the 
usual time interval. It would seem clear that Massini’s B. coli- 
mutabile involves primarily an atavistic reversion of the normal 
B. coli to its wild fungoid or saprophytic state that is not capable 
of secreting the enzyme lactase. This non-lactose fermenting 
form may again develop this function, but only when the organism 
can pass through that phase of its cycle where lactase is secreted. 
Moreover, that phase is represented by the secondary colonies 
whose significance with this strain differs in no fundamental way 
from that previously pointed out by us for a diphtheroid bacil- 
lus (1922). 





ee 








~ 
’ 
4 
2 
5 








STUDIES IN MICROBIC HEREDITY 585 


These changes in behaviour toward lactose that give character 
to B. coli-mutabile are in a sense the’counterpart of the chromatic 
reorganizations that are partly traceable in the changed mor- 
phology of zygospore formation. I wish to emphasize that this 
interpretation of cyclic change is by no means an attempt to 
correlate functional change with any indiscriminate morphologic 
alteration. In point of fact the Massini strain that we have 
dissociated from the non-lactose fermenting fungoid strain differs 
in no essential morphologic particular from the original Nx strain; 
yet this fact standing alone should not be permitted to obscure the 
functional importance of the sexual cycle that conditions these 
changes, merely because zygospore formation has a definite mor- 
phologic counterpart. This strain of B. coli-mutabile is essentially 
a transition stage in the cycle between the wild non-lactose fermenting 
coli and the normal fermenting form. Its “‘white’’ primary colonies 
actually produce alkali and from them spring ‘‘red’’ secondary 
colonies which produce acid, 

The relatively unstable character of this fungoid phase makes 
it clear that its biologic significance, associated as it was with 
latency of character, would have been quite overlooked had the 
morphology not been followed closely. It is of further interest 
that the reversion of this anomalous form to the more normal 
form developed a strain of somewhat delayed lactose fermenta- 
tion with which the formation of gas has to date not been associ- 
ated. In connection with the repeatedly observed fact that these 
atypical non-lactose, or delayed lactose-fermenting, strains are 
frequently isolated from the diseased intestine or the blood, 
their existence now has adequate explanation. 

In point of fact the Nx strain when first isolated from the 
urine was of such character, and it was only after several trans- 
plants that it developed its vigorous fermentative ability. ‘The 
fact that this stage of the organism was reproduced from a single 
celled culture of a rapidly fermenting organism by passing through 
what we regard as the sexual phase is of considerable interest in 
the origin of these variants. 

It indicates also that only certain cells of a culture may ter- 
ment a sugar and then only when they have reached a 
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stage of development that permits liberation of the enzyme. 
Thus there appears to be a physiological division of fermentative 
activity among the cells of a culture which is roughly comparable 
to the segregation of group and specific agglutinogens which 
Andrewes (1922) has shown in pure cultures of various members 
of the Salmonella group. 

These experiments testify further to the exact botanical nature 
of the adaptive mechanism of bacteria under different conditions 
of environment, another aspect of which has been treated in a 
previous paper (Mellon, 1922). The present study reveals a 
similarity with certain features of a work by Prell (1917) who has 
dissociated the bacillary and the coccus phases of B. coli which he 
styles respectively the rhabdocytic and coccocytic phases. He 
regards these phases as separate generations in a developmental 
cycle and believes them to be connected with the differentiation of 
closely related types. His only objection to calling them mutants 
is the fact that sexuality has never been demonstrated for bac- 
teria. This has forced him to an unnatural classification of the 
many variants that he has observed, which from the systematic 
point of view is really confusing. I believe, however, that his 
opinion that these phasic changes indicate the essentially fungus 
nature of bacteria is close to the truth. 


CONCLUSIONS 


1. It has been shown that the origin, genetically speaking, of 
Neisser and Massini’s B. coli-mutabile is definitely assoviated with 
what is regarded as a sexual reorganization, or its equivalent, 
which occurs with this strain. 

2. Delay or loss of capacity for the fermentation of a sugar such 
as occurs with B. coli-mutabile appears to involve the truly pleo- 
morphic cycle that these organisms undergo, which does not of 
necessity imply that the change in characters is permanently 
identified with a fixed morphologic type. 

3. B. coli-mutabile has been reproduced experimentally. It 
springs from the wild non-lactose fermenting B. coli which in turn 
was derived from a “‘normal”’ strain; it is a transition develop- 
mental stage (variant) between these two. 
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4. The simultaneous or sequential production of acid and alkali 
by a pure line culture appears to be a function of its capacity to 
develop phases of growth. Accordingly the loss of B. coli’s 
ability to ferment lactose means that the developmental phase 
bearing this character (the secondary colonies) is absent or 
undeveloped. 

5. These observations are best explained on the ground that 
bacteria are fungi whose life cycle is not completely known, 
or at least is not always completely manifested under the con- 
ditions of observation, i.e. they are fungi imperfecti. The cul- 
tural and serological heterogeneity which bacteriologists are 
slowly apprehending finds a most logical explanation on this 
basis. 
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